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PREFACE 


The present volume is the “ Third Part in order of a com¬ 
prehensive treatise on Zoology, which has been for some time 
in preparation under my editorship. In this treatise each 
of the larger groups of the Animal Kingdom is to be described 
by a separate author; whilst, as far as possible, uniformity 
in method and scope of treatment is aimed at. The authors 
are, for the most part, graduates 'of the University of Oxford, 
though it may not be possible to maintain this limitation in 
future sections of the work. 

The general aim of the treatise is to give a systematic 
exposition of the characters of the classes and orders of the 
Animal Kingdom, with a citation in due place of the families 
and chief genera included in the groups discussed. The work 
is addressed to the serious student of Zoology. To a large 
extent the illustrations are original. A main purpose of the 
Editor has been that the work shall be an independent and 
trustworthy presentation, by means of the systematic survey,, 
or taxonomic method, of the main facts and conclusions of 
Zoology, or, to speak more precisely, of Animal Morphography. 

The treatise will be completed in ten parts of the size of 
the present one. It will at once be apparent that this 
limitation necessitates brevity in treatment which, however, 
will not, it is believed, be found inconsistent with the fulfil¬ 
ment of the scope proposed or with the utility of the work 
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to students. The immediate publication of the following 
parts may be expected:— 

Part T. Introduction and the Protozoa. 

Part II. General Discussion of the Metazoa—The Pori- 
fera — The Hydromedusae — The Scypho- 
medusae—The Anthozoa—The Ctenophora. 

Part III. The Echinoderma (the present volume). 

Part IV. The Mesozoa—The Platyhelmia—The Nemer- 
tini. 

These parts will be issued, without reference to logical 
sequence, as soon as they are ready for the press. In accord¬ 
ance with this procedure, which to some extent evades the 
injustice of making an author, whose work is finished, wait 
for publication until other more tardy writers have completed 
their tasks, the present volume, which is Part HI., is the first 
to make its appearance. 

The following authors have undertaken portions of the 
work:— Professor Poulton, F.R.S., M.A. Oxon.; Professor 
Weldon, F.E.S., M.A. Oxon.; Professor Benham, D.Sa, M.A. 
Oxon.; Mr. G. C. Bourne, M.A. Oxon.; Mr. G. H. Fowler, 
M.A. Oxon.; Professor Minchin, M.A. Oxon.; Mr. F. A. Bather, 
M.A. Oxon.; Professor J. W. Gregory, D.Sc.; and Mr. E S. 
Goodrich, M.A. Oxon. 

E RAY LANKESTEE. 


Fdn-uanj 1900. 
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CHAPTER VIII. 


THK ECIIINODKRMA.^ 

PHYLUM EOHINODERMA. 

GRADE A. PELMATOZOA. 

Class I. Cystidea. 

„ II. Blastoidea. 

„ III. ClllNOIDEA. 

„ IV. Edrioasteroidea. 

GRADE B. ELEUTHEROZOA. 

Class I. IIolothurioidka. 
„ II. Stelleroidea. 

„ 111. Echinoidea. 


General Features.—This is one of the best characterised and 
most distinct Phyla of the Animal Kingdom. Nearly all the living 
animals included in it, such as the sea-urchin (Echinoid), starfish 
(Asteroid), brittle-star (Ophiuroid), sea-cucumber (Holothurian), 
sea-lily (stalked Crinoid), or feather-star (free Crinoid), can readily 
be distinguished through their possession of a radial symmetry, in 
which the number five is dominant, of a sub-epidermic skeleton com¬ 
posed of calcium carbonate,''with a characteristic micro-structure 
resembling trellis-work, and of a system of sacs, canals, and tubes 
that carry water through the body, especially by means of five 
radial canals from which small branches calledarc given off to 
the exterior. The extinct forms known as Blastoidea and Edrio¬ 
asteroidea appear to have had a similar organisation; and the same 
statement maybe made of most of the Cystidea, another extinct class. 

It is true that there are recent forms in which the quinqueradial 
symmetry or pentamerism is obscure; but, on the whole, it is so 
marked a feature that the early zoologists, and notably Cuvier, 
placed the Echinoderma together with the Coelentera in a sub- 

* By F. A. BatliiT, M.A. 
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kingdom Radiata. The presence of a gut distinct from the body- 
cavity {coelom) is alone enough to mark the superiority of Echino- 
derm organisation, as was first insisted on by Leuckart. The 
resemblance of certain Holothurians to the Gephyrea is but super* 
ficial and secondary; the above-mentioned characters form sufficient 
distinction. 

Examples of the Glasses.—Within the Echinoderma is great 
diversity of organisation. Between the worm-like, semi-gelatinous 
Holothurian, Synapta^ living in the mud of the shore, and the 
stalked Pentacrinus of the depths of the sea, or the brittle-star of 
the rock-pools, there might well seem an impassable barrier. 
Taking typical examples of the various classes, let us note the 
more obvious differences. '^In an ordinary Holothurian (e.g. Holo- 
thuria^ CucumariOy Fig. IV. 4, p. 231) the body is cucumber-shaped, 
with a mouth at one end and an anus at the other; round the 
mouth is a ring-canal of the water-vascular system, and from it 
are given off five radial canals, running below the surface of the 
flexible integument and sending podia to the exterior; two of the 
avenues (ambulacra) of podia run along that surface of the body 
which is away from the ground and may be called “ dorsal ” ; the 
“ ventral ” surface, containing the other three ambulacra, is often 
flattened to form a kind of walking sole. A Holothurian has no 
arms or projecting rays, but its mouth is surrounded by a circlet 
of tentacles, often branched, retractile at will, and serving to collect 
food. Jk Regular Sea-urchin (e.g. Echinus^ Cidaris, Figs. VII., XVII. 
pp. 290, 303) resembles a Holothurian in being without projecting 
rays; but it is more spherical in shape, with a rigid test, and 
moves with its mouth towards the sea-floor, and with its anus at 
the opposite pole of the body. In a Heart-urchin (e.g. SpatanguSy 
Fig. XLV. p. 324), which moves through and swallows mud and 
sand, the body has become obliquely elongate, i.e. with the long axis 
at an angle of 36° to the position it occupies in a Holothurian; the 
mouth has moved a little forward, and the anus has moved down 
from the top of the body to its lower surface, so that both mouth 
and anus lie on the under surface, at either end of the long axis. 

^ In Echinoids, the radial water-vessels are beneath the test (“hypo- 
thecal ’’) and stretch from the oral to the anal pole. In a Starfish 
the mouth is in the centre of the under surface, while the anus is 
almost in the centre of the upper surface, but is absent in a few 
forms; the body, encased in a yielding theca, is either markedly 
pentagonal in outline or star-shaped ; in the latter case a central 
“ disc ” may be distinguished from the “ arms.” The number of 
arms varies from five (e.g. Asterias rvhens. Figs. I.,IV. pp. 240,242) to 
over forty (e.g. Heliaster), The radial water-vessels, one to each arm, 
lie in a groove on the oral surface (“ epithecal ”) and are fringed 
by podia, which do not pass on to the aboral surface at all. An 
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^phiuroid (Fig. XIII. p. 261) resembles a starfish in which there is a 
sharp distinction between arms and disc; the mouth is on the 
under surface, but there is no anu s. Whereas the arms of a star¬ 
fish are merely extensions of the body, containing the generative 
glands and processes from the stomach, those of an jOp^uroid con¬ 
tain only blood-vessels, water-vessels, and" nerves, and, being 
themselves used as locomotor organs, have a stout internal skeleton 
of separate ossicles, worked on one another by well-developed 
muscles, but have less developed podia; they are nearly always 
live, and unbranched except in Astrophytidac (Fig. XXXII. p. 277). 
As is explained on p. 238, however, no sharp line can be drawn 
between Asteroid and Ophiuroid structure. yA Crinoid (Fig. III. 
p. 98) differs markedly from all the forms just mentioned, in that 
the mouth faces upwards, or away from the sea-floor; the anus 
is also on the upper surface. This position is connected with the 
fixed habit of the Crinoids, which are attached temporarily or 
permanently to the sea-floor by their aboral surface, usually 
through a jointed stem. This fixed state of existence is corre¬ 
lated with the development of a jointed process (“arm*’ or 
brachium) from each radius of the rigid theca. The arms are 
often forked many times; they contain extensions of the nervous, 
blood-vascular, water-vascular, and generative systems, and have a 
ventral groove lined with cilia which sweep currents of water to the 
mouth. The Blastoids (Fig. IV. p. 82) may be roughly described 
as Crinoids without brachia, but with food-grooves on the oral 
surface of the theca, fringed with jointed skeletal processes 
(brachiola). The Cystidea, like the Crinoids, are fixed, with mouth 
and anus on the upper surface; the relations of their food-grooves 
and water-canals vary greatly ; in some of the older ones (Fig. II. 
p. 44) radial symmetry does not seem to have affected even these 
organs, still less, therefore, any other organs of the body. The 
Edrioasteroidea (Fig. VI. p. 209) are sessile, with upwardly directed 
mouth and anus, with five food-grooves radiating from the mouth, 
sometimes on to the aboral surface, as in Echinoids, and apparently 
with hypothecal water-canals, also as in Echinoids, at any rate 
with some portions of the water-vessels penetrating the test along 
the ambulacra. 

Phylogeny and Ontogeny. —The combined evidence of com¬ 
parative anatomy, embryology, and palaeontology indicates that 
the Echinoderma owe most of their obvious characters, such as 
radiate symmetry, the ambulacra, and the coil of the gut, to their 
having passed through a pelmatozoic ** stage, i.e. a stage in which 
the animal was attached by a part of its body wall, in which the 
mouth, and to a less extent the other apertures, faced upwards, 
while there was a tendency to tie radiate (pentamerous) exten¬ 
sion of food-grooves with accompanying organs (see Chapter IX., 
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** Pelmatozoa Setting aside these characters, the origin of which 
may be traced in individual development, and selecting those 
common to the early stages of all Echinoderms, zoologists have im¬ 
agined a phylogenetic 
stage, the two-sided or 
Dipleurula stage (Fig. 
L), more or less re¬ 
peated in the Dipleurula 
^ larvae of recent Echino¬ 
derms (Fig. II.). The 
Fic I. animal was marine. Its 

Dia{;raniniatio roconstniction ot the nna^nned Diptevnila long axis WaS anterO" 
ancestor. Anterior end on left ol »1 tawing ; oruans of Mt rinatprinr anrl rtarnllpl 
side toward*, obserNer, and AMth stron-er outline than those Posterior anu parallel 
of nght side. For desciiidion and lettering, see adjoininj? tO the sea-floor. The 

mouth (0) was anterior 
and ventral; the anus (As) posterior or postero-ventral. The 
two were joined by an uncoiled gut, perhaps with a stomachal 
enlargement in the middle. On either side of this lay the coelom, 
formed by constriction from the larval stomach or archenteron, in 
other words, an “ enterocoel ” ; it was divided into a right and left 
anterior portion (a.c), and a right and left posterior portion (r.p.c 
and l.px). Each anterior vesicle was connected with the exterior 
by a canal, opening at a dorsal pore (M) on each side the median 
line, sometimes, perhaps, fusing into one. These canals were in¬ 
directly connected (s.r) with posterior offshoots from the anterior 
coelom, the right and left hydrocoels {r,hc and l.hc). Gonads 
developed from the coeloniic endothelium. The ectodermal 
epithelium was probably ciliated, and a portion of it in the “ pre¬ 
oral lobe ” (p.l) was differeniiated as a sense organ, with longer 
cilia and underlying nerve-centre (n), from which two gangliated 




1 2 3 4 

Fia. II. 

Dipleurula larvae seen from right aide (partly after l^tng). 1, PltUeue of Echinoui. 
2, Auricularia of Holothurian ; 3, Bipinnaria of Asteroid ; 4, Tomaria of Bnteropneustnn 
0, mouth ; As, anus ; s, spicule ; np, neural plate with cilia. The strong black lines repte- 
sent ciliated bands; the shaded areas show the course of the gut. 


nerves ran back below the ventral surface. In the mesoblastic 
connective tissue, derived by the migration of cells, there >\as a 
tendency to the secretion of crystalline calcium carbonate. Except 




ECHINODERMA—GENERAL DESCRIPTION 


5 


for the latter character, the Dipleurula agrees in essentials with 
the larva of Enteropneusta, which was described by Joh. Muller 
(1850) as an Echinoderm larva, under the name Tornaria 
(Fig. II. 4). 

The simplest larval form among recent Echinoderms, that of 
the Holothurians, known as Auricularia (Fig. 11. 2, and Fig. III.), 
differs from the Dipleurula in being bent upon its ventral surface, 
so that the mouth lies in the middle of the concavity so formed, 
while in front of it is a “ preoral lobe,’* and behind it is a similar 
prominence, in the middle of which, on the ventral surface, is the 
anus; the cilia are restricted to a band immediately surrounding 
the mouth, and a band that 
passes in front of the mouth, 
then round the edge of the 
ventral concavity, and across 
in front of the anus. In 
subsequent development the 
ciliated ring becomes very 
sinuous, and when the Auri~ 
cularia assumes a barrel 
shape, before changing into 
the Holothurian, the ring 
atrophies in sixteen places, 
and the separate pieces unite 
in such a way as to form 
five rings like hoops round 
the barrel. In this stage the 
mouth has again passed up 
to the anterior pole, and the 
anus down to the posterior. 

This form is called the Pupa 
(Fig. I. 8, p. 219). 

The only free larval form 
that is known among Pel- 
matozoa is that of the highly 
specialised free-moving Crinoid, Antedon. It resembles the Holo¬ 
thurian Pupa in general shape (Fig. IV.), and in the possession of 
five ciliated bands (cc), probably derived in a similar manner; 
but since the early stages have been pressed out of the develop¬ 
ment, this cannot be considered proven. Here, moreover, there 
remains a ventral concavity, through which the definitive mouth 
breaks (0); there is no anus at this stage. Anteriorly is a tuft 
of long cilia. 

Most Asteroidea have a larva known as Bipinnaria (Fig. II. 
3, and Fig. VI. 10), which passes through an Auricularia stage. 
By a meeting of the sinuosities of the ciliated ring anteriorly, 



11< III 

I m ,« ii}>u (H ol 1 111* \ (‘iiti'al ‘•m l.irt' an»l 

Icll snK* lacmu tin* SniMin). {), 

iiiMUtli . nIdjii.icIi , /, , 

/<j>, h><lnnM>rH, h<, IivIhh nfl . / au<l fin', rijiht 
aiul lt*rt |)OsU'nor , n, n*'r\ou8 baml; s/i, 

apicub* m form of whrt'l, i, ciliated IkxjkN, vi/ 
— 1, prcoral ; 2, aUoral; 3, ciriMimoral, aiul 4, 
anal, x ' 2 b. 
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there is formed a preoral ring which separates from the rest. 
The ventral depression runs up on either side the preoral area, 
and eventually surrounds it and its ciliated ring. In the region 
p of the ciliated rings the body stretches out pro- 

jjAr cesses, which are symmetrically paired, except the 

frontal process, which bears the preoral ring. In 
’• N some species this process splits into three branches 
' *1 and the cilia disappear; such a form is called 
!.*/• * I j Brachiolaria, 

• I A still further development is the Plutevs 

li^-rva (Fig. II. 1, and Fig. V.) of Ophiuroids 
and Echinoids, characterised by the decrease of 
the preoral area and the increase of the anal area ; 
Fio. IV. paired processes extend forward, and an unpaired 
Larva of Antednn process stretches backward from the posterior end 
Ind^^^with' f these processes are usually very 

lobe (PL), uppermost, long and Supported by spicules, but movable. 
^ * Two, arising from the posterior and lateral region 

of the ciliated ring, are pronounced in Ophiuroids but absent in 
Echinoids. 

The development of the larval form % M 

from the ovum is effected in much the m J m 

same way in all known Echinoderma ^ ^ ^ 

(Fig. VL). The segmentation of the ^ Iff ^m 

ovum is total and quite or <almost equal 

(Fig. VI. 2). A coeloblastula is formed 0 

with a segmentation cavity, and with a 

wall of a single cell-layer, thicker in 

one region (Fig. VI. 3). This region \ 

is invaginated, forming the archenteron 

of a gastrula (Fig. VI. 4). At about g 

the same time the thickened region, M 

now the end wall of the archenteron, 

proliferates endoderm cells, some of ^ 

which wander into the segmentation * Hi*rt-u«hto. fto« 

cavity, where they may be joined by a yn^jide(after Lang), o.moath; 

lesser number from other parts of the 

gastrula wall (ectoderm), and so form mesenchyme, from which 
mesoderm tissue is ultimately developed (Fig. VI. 6). The 
archenteron occupies but a small part of the segmentation cavity, 
its lumen is usually narrow, and the external opening forms a 
small blastopore, which in ArUedon soon closes. Both endoderm 
and ectoderm are usually ciliated from the beginning; but in 
ArUedan cilia appear only on the ectoderm after gastrulation. 

The larva becomes bilaterally symmetrical by dorso-ventral 
compression and the formation of a ventral concavity. The inner, 


PltUem of a Heart-urchin, ftom 
ventral wide (after Lang). 0, mouth; 
Ai. anus. 
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i.e. anterior, end of the archenteron becomes constricted off from 
the rest of the archenteron to form the “ coelom ” (Fig. VL 6). 
The coelom sends backward a process on each side in the dorsal 
region; the hinder parts of these become constricted off as a 
“ right and left posterior coelom,” which almost meet posteriorly; 
the remainder forms the anterior coelom ” (Fig. VL 7). At the 


4 7 8 10 



3 6 9 11 

Fi(j. VI. 


Early Htages of Eohinoilemi ontogeny. 1, 2, 3, the Echinoid Echinocynmns (after Thiel). 
4, 5, 6, tho Cnnoid AnUdon (after Seeliger). 7, 8, 11, the Astoroid Astenna (after 
MacBnde). 9 (after Bury), 10 (after O. W. F»el«l). 1, ovuui in mucilaginoiiM coat, vitelline 
membrane (v) beginning to separate . .<i, spermatozoa, one of which is entering the yolk (x 130). 
2, segmenting ovum se<Mi from above, 2 hrs. 20 min. after fertilisation. 3, blastula in 
lon^tudhia] section, 18 hrs. after fertilisation, r, cilia; sc, segmentation cavity (x200). 4, 
gasimla, in section, 10 hrs.; ac, archenteron ; bp, blastopore (xT3). 5, the same, 20 hrs., with 

mesenchyme (ew) developing from endodenn. Ijetters as before (x88). 6, 48 hrs., with 

blastopore clo^, and archenteron constricted into oc anterior, mesenteroii, and ec posterior 
enterocoel (x88) 7, longitudinal section showing extension of right and left posterior 

coeloms (rpe, {pe)fh>m anterior coelom around larval stomach (sfX (x60). 8, further stage, 
showing r^c and Ipe separated from oc, and lobes of the rudimenti^ left hydrocoel (/ic), (x60). 
0, dorsal view of a Bipiniuiria. oe, oesophagus; hp, hydropore ; y, '* blood-vascular space,** 
Bury, perhaps rudiment of right hydrocoel. Other letters as before (x50). 10, Bipinnaria 
of AsUrins, four days old. or, ciliated band; m, niesenchymatous muscle fibres (x73). 11, 
dlaiprain showing relations of stone canal {stc) and pore canal (pc) to left hydrocoel (the) and 
anterior coelom (oc). 

hinder end of the anterior coelom, on both the right and left side, 
there is a small outgrowth, the “ right and left hydrocoel ” (Fig. 
VI. 8); that on the left is, as it happens, much more developed, 
but the presence of a right hydrocoel has been proved by Metsch- 
nikoff (1869) and MacBride (1896), (y in Fig. VL 9). Near 
the median dorsal line, above the hinder end of the anterior 
ooelom, a perforation arises in a thickening of the ectoderm. 
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forming the “hydropore”and the ‘‘pore canal”; while, in no connec¬ 
tion with this, a groove arises along the hinder wall of the anterior 
coelom, and develops into a canal connecting the left hydrocoel 
with the anterior coelom, and called “stone canal,” because its homo- 
logue in recent adult Echinoderms develops spicules in its walls 
(Fig. VI, 11). MacBride (1896) has observed larvae of Astervm 
gibbostty in which there were a hydropore and stone canal on the 
right, and some in which both right and left pores were present. 
The latter arrangement occurs also temporarily in the Bipinnaria 
of Asterias (Field, 1892, Fig. VI. 10), and is that which we suppose 
to have obtained in the Dipleurula. 

On the ventral side, at the anterior end of the body, a mouth 
is produced by invagination, and leads into the remaining part of 
the archenteron, which becomes modified into a larval stomach and 
a short rectum curved ventralwards and opening at the blastopore. 
The part of the larva in front of the mouth is called “ the preoral 
lobe,” and a portion of it becomes a sense organ, usually ciliated, 
with a development of nerve tissue (Fig. VI. 9, 10; Fig. L). 

It must not be supposed that a Dipleurula larva of this simple 
type actually exists. In each class it presents some modification, 
the outward appearances of which have already been describe'!. 
Moreover, the internal structures vary in the order of their 
development and in persistence. Enough is common to the 
various types to show that the Dipleurula larva is no phantasm, and 
to suggest very strongly that it represents an ancestral Dipleiirula 
stage, differing but slightly if at all from the ancestral TornarkLy 
and being one of the lowest of all animals with a coelom. The 
hydrocoels and their indirect exterior openings have been compared, 
perhaps not very judiciously, with the excretory nephridia of 
higher Coelomata. The possible connection of Tornaria with the 
ancestral Chordata gives additional interest to the resemblance 
between stereom formation and bone formation (see p. 29), and 
to the invagination of a primitively superficial nervous system in 
the two groups. 

Between adult Echinoderms and other groups of the ^Lnimal 
Kingdom no comparisons are possible. From this stage onward 
the Echinoderm follows a path of its own. By a remarkable 
metamorphosis, varying in its details but presenting some common 
features in the different classes, the almost bilaterally symmetric 
larva is transformed into the almost radially symmetric adult. 
This metamorphosis undoubtedly represents the changes that took 
place in the early history of the classes; and the extraordinary 
difficulties of interpretation are due to the enormous compression 
of that history, the elimination in some cases of unnecessary 
stages, and the unequal acceleration of others. The clue is offered 
by the older fossils, which, as explained under Cystidea, forcibly 
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suggest that all Echinoderma are descended from sessile ancestors 
(necessarily representing a stage subsequent to the Dipleurvla), and 
that the oldest among these had not acquired radial symmetry, that 
being, it would appear, a consequence of fixation. Fixation was 
retained more or less completely by Cystidea, Blastoidea, Crinoidea, 
and Edrioasteroidea; but among the other classes it is only the 
Stelleroidea that now preserve traces of it in their ontogeny. 

The passage from the Dipleurula to the fixed stage is best 
studied in Antedon (Bury, 1888; and Seeliger, 1893); but even 
here changes that, in phylogeny, must have succeeded fixation 
now precede it, and actually precede the free-swimming stage of the 
larva. Fixation takes place by a modified portion of the preoral 
lobe (p.l)j as also in Stelleroidea. 

The phylogenetic result of this was 
the passage of the mouth (0) to 
the posterior end of the Dipleunda^ 
which was now directed upwards 
(Fig. VII.). With the mouth went 
the hydrocoel. The attachment ap¬ 
pears to have been towards the right 
side, for thus only can we account for 
the fact that the structures on the 
left of the Dipleurula increased at the 
expense of those on the right. It 
was therefore the left hydrocoel {l.hc) 
and stone canal (s.r) that moved 
upwards with the mouth, while those 
on the right disappeared. The 
nervous structures of the anterior 
end remained there or, possibly, 
atrophied. The forward portion of the anterior coelom (a.c) shared 
in the construction and elongation of this region; but its hinder 
portion was dragged up along with the hydropore {M) and formed 
the “ parietal canal ** (^r), so called because it lies along the outer 
wall of the larva. The left posterior coelom {},px) of the Dipleui^ula 
was caught in between the oesophagus and the stomach, and so 
passed upwards, towards what we may now call the oral pole of 
the fixed stage; while the right posterior coelom (r.p.c) was pushed 
downwards hy the stomach pressing to the right and thus came 
to lie nearer the aboral pole. The blastopore is early closed in 
the ontogeny of Antedon,, but we infer from the position of the 
larval rectum that in phylogeny the anus {As) did not move 
upwards so rapidly as the mouth. The effect of these changes 
was a torsion of all the structures in the upper part of the 
body. The gut was thrown not into a simple loop, but into a 
dextral coil. The pressure of the oesophagus against the hydrocoel 



Fio. VII. 

Di.'inrRmiuatic reconstruction of the 
nnagineil primitive Pclmatozoic ances¬ 
tor. Com|iare carefully VMth Fig. I. 
ami with adjoining text. 
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not merely pulled it up, but pressed it into a horseshoe curve, 
with the opening directed to the anal side. The left posterior 
coelom was curved in like manner. The further elongation of the 
fixed aboral end involved lobes of the right posterior coelom 
and initiated their downward extension, first on the right side of 
the anterior coelom, then gradually curving round it. This torsion 
and shifting of internal organs may be compared with the simpler 
case of strepboneurous Gastropoda. 

Careful study of the two diagrams, representing the Dipleurula 
(Fig. I.), and the primitive Pelmatozoan or fixed stage (Fig. VII.), 


2 4 



3 b 

Fio. VlII. 


Sections of Antedon larvt, seini-diagrammatic (1-4 after Seeliger, x8M. (5, 6 after Bury). 
1, longltadinal section with preoral lobe turned downwards, the reverse of Fig. IV.; the anterior 
coelom extends into this, as well as upwards into the parietal canal. 2, transverse section in 
the neighbourhood of the hydropore, snowing the parietal canal leading to it; two lobes of the 
hydrocoel and the lower end of the stomach are seen to be at the same level as right posterior 
coelom and lower end of vestibule. 8, part of a longitudinal section in the same direction as 
Fig. 1, but passing through the hydropore and the live primitive lobes of the hydrocoel not 
yet connected therewith; between the two is a small extension of left posterior coelom; adjoining 
sections show that the hydrocoel is still horseshoe-shaped, but will eventually close along the 
gap between lobes 1 and b to form the hydrocircus. 4, transverse section at a slightly more 
oiad level than in 2, and in an older larva; the vestibule is here closed over: note the 
mesenteries between right and left posterior coeloms. 6, transverse section of an older larva, 
In which the vestibule has passed right up to the oral pole, and a rectum (r) has formed: 
between this and the stomach is seen the rudiment of the axial organ; the parietal canal 
nmains, but the stone canal now opens into it (xl28). 8, median longitudinal section, the 
vestibule stiU open, columnals forming around extensions of right posterior and anterior 
eosloms; left posterior coelom is seen above the stomach as a lobe of the hydrocoel (x 120X 
Explanation of letters—oe, anterior coelom; as, axial organ; ee, ciliated bands; eoL 
edumnals; he, hydrocoel; Ipe, left posterior coelom; nn, nerves; p, hydropoie; par, parietal 
canal; r, rectum ; r.pe, right poeterior coelom; it, stomach; tt.e, stone canu; v, vestibnla. 

will enable the student to appreciate tne peculiar position of the 
internal structures in the ArUedon larva, of which a few sections 
are here given for comparison (Fig. VUL). The structure is far 
more complicated than in Fig. VIL, owing to extensions from 
the coelomic cavities. In the earlier sections the hydrocoel is still 
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on the aboral side of the right posterior coelom; indeed, the mouth 
itself is not at the future oral pole, for the larval mouth closed 
early, and the place where it was became arched over by lips 
of ectoderm, which formed a “vestibule” (v). This vestibule it 
is that gradually moves up; a fresh mouth ultimately breaks 
through into it, and the lips again unfold at the new oral pole. 
The connection of the anterior coelom, through the parietal canal 
and the hydropore, with the exterior, persists (cf. Fig. VIII. 1 and 
3); the hydrocoel opens into the parietal canal by the stone 
canal at a later period (Fig. VIII. 5). 

There is reason to believe that some of the early Cystidea 
(Amphoridea, p. 43) had an internal structure scarcely more 
advanced than Fig. VII. But the fixed stage had further effects. 
The most notable was the prolongation of ciliated and tentacu- 
liferous grooves from the mouth, accompanied by processes from 
the hydrocoel. At first there were three such radial extensions : 
anterior, right, and left, since the 
presence of anus and bydropore, and iii 

the absence of hydrocoel on the posterior 
side prevented extensions in that direc¬ 
tion (Fig. IX.). The five rays, so char- 
acteristic of Echinoderma, were produced 
by the forking of the right and left 
rays. It was only at a later date, when 
the hydrocoel had grown into a ring 
round the oesophagus, that the five rays 
could proceed equally from this ring. 

The division of the rays into a pair of Kchino- 

enclosing anus and madreporite, and 'i^nna contrasUfi wan a regular 

, 1 1- • 1 1 uentameriam. mouth;-4*, anua; 

known as the OlVtum^ ana the three bt^ween them h the madreporite 
others (anterior, right ant. and left imaginary perfect i^wntanierism, of 
ant.), known as the trivium, is opposed 3 vaw 
to this fundamental structure. It must thenveraynofa relnlatotoan. 
further be noted that this bilateral 

symmetry of the rays has nothing to do with the bilateral nature 
of the DipleurtUa. 

While these changes were in progress the formation of stereom 
continued. At first there were only spicules deposited in the 
mesenchyme (see Fig. II. 1 , and Fig. III.). These enlarged and 
fused into plates, which eventually became so large as to abut 
on one another. These plates were arranged in the mesoderm 
beneath the ectoderm. An account of their arrangement and 
structure will be found under Amphoridea (p. 45). Through 
the fixation below and the radiation of the hydrocoel and fo<^- 
grooves above, these plates gradually came to lie in definite 
positions and to assume a definite number, shape, and size. The 
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ontogeny of Antedon suggests their division into two groups 
(Fig. X.); one formed around the upper, oral coelom (LpCy 

f ie, the left posterior coelom of the Di 
pleurula)y which gradually encircled the 
oesophagus; the other around the lower, 
aboral, or apical coelom (r.pc, ie, the right 
posterior coelom of the Dipleurvla), The 
^ former set were affected by radiate sym¬ 
metry before the others, and in Anfeilon 
larva are represented by five large plates, 
the orals (0), The latter set form the 
plates of the aboral side of the adult 
Echi noderm. In a Pelmatozoan they form 
the dorsal cup {B and IB) and the ossicles 
of the stem (col) when that organ is pre- 
sent. 

We have now traced the history of 
the Echinoderma up to a form fixed 
f'lo. X. aborally, and with rays, normally five in 

number, proceeding from the mouth iind 
hydropore ;//), flxni« plate Of underlying the hydrocoel ring or hydro- 

stem, “dorso-central '. for . ® i , 

other letters, see adjoiniiij; text ctvcMS, These rays involved Other of the 

^ internal organs, notably portions of the 

oral and aboral coelom, and accompanying them was a develop¬ 
ment of epithelial nerves and a circumoral nerve ring. The 
dividing wall between the right and left posterior coeloms, the 
dorsal mesentery of the Dipleurvla^ now lies horizontally or 
transverse to the long axis. A new vertical mesentery, both 
above and below, is formed by the tissue separating the in¬ 
curved ends of the oral and apical coeloms respectively. On 
the inner walls of these coeloms, adjoining this mesentery, is a 
thickening of the endothelium (ax in Fig. VIII. 5), to form event¬ 
ually a strand passing up to the main axis through the coil of the 
gut, and known as the “ axial cord.” This, in the adult, originates 
the gonads, which seem at first to have been expelled through an 
aperture in the body wall between mouth and anus, as seen in 
Holothurians and some Cystidea. Subsequently this becomes 
involved in the radiate symmetry. 

The phylogenetic stage thus reconstructed on the evidence of 
embryology and palaeontology corresponds on the whole to the 
stage imagined by Semon (1888), and named by him Pentactaea 
(five-rayed). The question arises: How far does this represent the 
ancestor of all Echinoderms ? There can be no doubt that this 


actually was a stage in the history of the fixed Echinoderms 
(Pelmatozoa); that it was also a stage in that of the free Echino¬ 
derms (Eleutherozoa), is coming more and more to be the opinion 
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of zoologists. The development of Asterina indicates the possible 
relation between those two groups. Here MacBride (1896) has 
shown that the larva is early attached by the preoral lobe, and 
that it bends over on this so as to bring the mouth downwards. 
The internal structures do not, however, undergo that complete 
translation and torsion which occur in the Crinoid. Traces of it 
are seen in the greater development of the left hydrocoel and left 
posterior coelom. Fig. XL attempts to show what would happen 
in the case of a primitive PerUddma that bent over in this way \ 
while the mouth passed down, the anus and hydropore would tend 
to remain on the upper surface, where they could best fulfil their 
functions. In the present ontogeny of the Asteroid, the develop¬ 
ment is direct from the Dipleurula to this stage, the intermediate 
steps imagined for the phylogeny being omitted as unnecessary. 



ChaTipe from iVntaclrra to Stolloroid type. 0 , mouth; As, anus; Af, ma<lr(*|K)rite ; » p.r 
and l.p i‘, riglil and left posterior coelom; I lie, left hydrocoel; s.c, stone canal; preomi 
lube ; ax, axial suius, remains of anterior coelom. 

But to those phylogenetic steps are due the peculiar positions 
assumed by the left hydrocoel and left posterior coelom, as well 
as the radial folding which they undergo. Study of Fig. XI. 
will elucidate the complicated internal arrangement of the develop¬ 
ing Aderina, Further flexure causes the ends of the curved 
hydrocoel to grow around the stalk, which thus deceptively appears 
to spring from the oral surface, not from the aboral as in Crinoids. 
Subsequently the stalk atrophies, and the young starfish is a free- 
moving form, with mouth on the sea-floor, with anus and madre- 
porite directed upwards, and with the beginnings of five arms 
containing extensions of the left hydrocoel, of the oral coelom 
(derived from 1. post, coelom), and of the stomach (Fig. XII.). 
During development the larval mouth and anus are closed, and 
break through again in their adult positions; this points to a 
migration of those openings during phylogeny, which migration 
cannot well be repeated in ontogeny. 

A vast amount of discussion has taken place over the question 
whether the plates of the Crinoid calyx find homologues in other 
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Echinoderma. The orals on the one side are supposed by some 
{e,g. Lov4n, P. H. Carpenter, Sladen) to be represented by some¬ 
what similarly situated plates in Stelleroidea buccal shields ” of 
Ophiuroids, “ odontophores ” of Asteroids), and by a circumoral 
calcareous ring in Holothurians. The plates of the dorsal cup 
have been homologised with plates very similar in shape and 
arrangement that are often to be observed in Stelleroidea, notably 
on the aboral side of the compact body of Ophiuroids, and with two 
circlets of plates at the aboral pole of Echinoids. It has been 
supposed that all Echinoderma primitively possessed a definite 
calycinal system, thus composed : a central aboral plate (“ dorso- 
central”), five plates surrounding this (“basals,” “genitals” of 
Echinoids), five plates following on these and alternating with 
them (“radials,” “terminals” of Asteroids, “oculars ” of Echinoids); 
these together formed the “ apical system,” and to them was some¬ 
times added a circlet below, and alternating with, the basals (“ infra- 
basals ”): five orals, alternated with the radials, and to these P. 
H. Carpenter once added an “ oro-central,” the correlative of the 
dorso-central. The oro-central is a discredited myth. The dorso- 
central is a plate at the distal end of the Crinoid stem, Le, in the 
preoral lobe (Jp in Fig. X.); there is no proof that it ever formed 
part of an apical system, and it cannot be considered either homo¬ 
genetic or homoplastic with the aboral central plate sometimes seen 
in Stelleroidea. As for the basals and radials 
of the Crinoid, they are, as stated above, 
formed around the right posterior coelom; 
this also is the position of their supposed 
homologues in Asterina (Fig. XII.), and 
MacBride's argument that their relations 
to the stem are different, does not seem 
fatal to the above theory. What is fatal 
is the conclusion to which the evidence of 
fossils forces us—that the free Echinoderms, 
if they arose from stalked forms at all, 
indubitably did so ages before a calycinal 
system had been evolved. Even among 
stalked forms it appears that regular apical 
systems arose independently in different 
lines of descent. If, however, it be im¬ 
possible to regard the apical systems of 
Echinoidea and Stelleroidea as homogenetic with that of Crinoidea, 
there can be no objection to the statement that similar plates are 
developed in a similar position with regard to the fundamental 
anatomy, under the influence of somewhat similar causes. 

The Asteroids were probably the last group to branch off from 
the fixed Echinoderms. Hence it is that they retain many features 



Fio. XII. 

Dorsal, x.t. aboral, vi«w of 
Asterina aibbosa, ten days old 
(after Ludwig). Shows preoral 
lobe ip.l) now on oral side; 
mdiments of five arms marked 
by live terminal plates (T ); al¬ 
ternating vrith these arc live 
basals (B); and at C is the 
so-called dorso-central; if, 
asadreporite. x5d. 
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of the Pentactasa^ together with epithelial nerves on the floor of 
the arm-grooves, as in Pelmatozoa. The Ophiuroids are, fas 
explained under Stelleroidea, scarcely to be distinguished from 
Asteroids. Whether they branched off at an earlier date or no is 
uncertain; at any rate, they have progressed farther from the 
Pentactoia type, in so far as the radial nerves have sunk below 
the surface and are covered by “ epineural canals,which probably 
represent closed food-grooves (Fig. XIII. 1 and 2). 



Fm. XIII. 

Sectionfi ncrosn ambulacra of—1, Asteroid ; 2, Ophiuroid ; 3, Eclunoid ; 4, Holothiinaii. 
amb, ambulacral »»hhic1o; «mj», iiiniiulla, radial bltHwl-xessfl; nn, circular muscles; 
ventral scute; r, radiul epineural canal, Im, lonptudiual innseles ; l,s, lateral scute ; m, muscles ; 
n, radial nerve of HUi>erticial oral H>Hletn . »2, radial nerves of deet>er oral Mystem ; p, podium ; 
phf pseudhaenial canal; e.o, veitebrul ossicle ; w, radial canal of tlic water-vascular system. 

The development of Echinoidea has been studied by J. Muller 
(1852), Agassiz (1864), Metschnikoff (1869), Bury (1889), and 
many others. The results are summarised by Th^el in his admir¬ 
able account of the development of EchinocyamiLS pusillus (1892). 
Up to the stage corresponding to the Dipleunda no important 
divergences are manifest. The peculiarities of the ensuing meta¬ 
morphosis appear due to the extreme development of a free- 
swimming PltUeus (Fig. XIV.). At an early stage there is an 
invagination (am) of the ectoderm on the left side between the 
bases of the ventral and dorsal posterior processes of the Plvieus, 
The inner end of this sac grows towards the left hydrocoel, 
while its opening nearly or quite closes (Fig. XV. 1). The five 
primitive lobes of the hydrocoel grow up into the floor of this 
sac (Fig. XV. 2), which thus serves as a kind of amnion in which 
the young sea-urchin is formed (Fig. XV. 3), until the size of the 
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Pio. XIV. 

Phil usotEehinocyavi‘us(tLtteTThit\). 

About 75 tunes nat. size. 

Explanation of letters to Figs. 
XIV. and XV.—a. c, anterior coelom ; 
a.fit anterior dorsal arm; am, am- 
niotic invagination; a.v, anteiior 
ventral arm; fic, hydrocoel; hp, 
hydropore ; I p.e, left i>ostenor 
coelom; 0, mouth ; oe, oesophagus ; 
p, potlia; pd, posterior dorsal arm ; 
p.v, posterior ventral arm; r.p.c, 
right posterior coelom , s, spines of 
Ecbinoid ; gp, spicules of Pluteas. 
sp\ the same l^ing absorbed; st, 
stomach. 



Fio. XV. 

I>ev6lopment of Eehinocuamut (after Th^lX 1, portion of a Pluteus rather more developed 
than in Fig. XIV.; the ectc^ennic invagination has grown in towards the left coelom, which i*« 
now separating into a posterior portion and a hydrocoel. 2, portion of a PluUug about twelve 
days old, showing the lobes of the hydrocoel growing into the amnion. 8, the same consider* 
.ibiy more advancM ; spines begin to develop and the amnion is connected with the exterior. 
}. a Pluteus forty-five days old, with spines and podia of the young urchin protruding from tiin 
a iuiion. 5, the young urchin, bearing on its back the remains of the Pluteus spicules and 
ini<*gument(xlOO). 
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growing tube feet and spines causes it to break through the outer 
wall (Fig. XV. 4). While this takes place the spicular skeleton of 
the Fluteus is absorbed, and the body of the PhUeus shrinks up to 
a sac on the aboral side of the young Echinoid (Fig. XV. 5). The 
hydropore from the first opens on the dorsal surface, which becomes 
the aboral side. The right posterior coelom is also under here, 
as in Stelleroids. The larval stomach becomes that of the adult, 
but a fresh mouth is formed in the centre of the hydrocircus, 
while the anus is a fresh formation at the aboral pole. 

It is easy to understand that, with this amniotic development 
in the body of the larva, most of the traces of the Pentactcea 
stage have disappeared. There is, however, evidence of a preoral 
lobe, while the coil of the intestine and the radiate structure of 
the hydrocoel, nerves, and gonads, bear witness to antecedent 
phylogenetic changes. On those changes light is thrown by 
palaeontology, which teaches us that the primitive Echinoid had a 
spheroidal body, with muscular, flexible walls, in which irregular 
plates were developed ; the mouth was at the centre of the lower 
surface; the anus on the upper surface, and near it the madre- 
porite (the successor of the hydropore). Combining with the 
evidence from fossils that from comparative anatomy, we infer 
that the gut had a simple dextral coil; that the oesophagus was 
surrounded by three rings—water-vascular, blood-vascular, and 
nervous; and that from each ring five branches passed up the 
inside of the body wall to the aboral pole; that branches from the 
radial water-vessels passed, between the plates in the body wall, 
to the exterior, and became suckers assisting locomotion, the 
complete structures being ambulacra; that gonads were five, 
unpaired, and interradially disposed in the body cavity. Such a 
form had lost the stem of the Penta^tceay and h^ never possessed 
an apical system of plates. It had, however, already developed 
food-grooves, with nerves and ambulacral vessels, while there must 
have been some radiate arrangement of the gonads. The sinking of 
the nerves and closure of the food-grooves forming epineural canals 
(Fig. XIII. 3) probably took place as we suppose it to have done 
in Ophiuroids. Among Pelmatozoa, the Edrioasteroidea (p. 205) 
present a structure removed from that of the primitive Echinoid 
in little but the upward position of the mouth and (probably) the 
madreporite, and the functional food-grooves; the notable point about 
the latter is the presence of openings between the flooring-plates, 
apparently for the passage of processes from the radial water-vessels. 

The peculiarities in the structure and development of the 
Holothurians may perhaps be ascribed to their having in many 
respects regressed from the Pelmatozoic towards the Dipleurula 
type (Fig. XVI.). Thus the mouth has again come to lie at one 
end of the body, while the anus is at the other. With the mouth 
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has gone the genital pore; and the madreporite, though uncon¬ 
nected with the ex- 
terior in the adult of 
most now living, must 

difference between this 

—-_— T —^ ' the coil of the gut, and 

the vastly altered rela- 

Dmp'rainmatic reconstniclion of tho iniRKinod nrimitivft nf fho, ^rkolr^TYiin 

Holothurittu type, for cornpanson with Firs. I., VII., and OI tne COeiOmiC 

XI. 0, mouth; yls, anus; .V, hydropore; lea hydro* cavities with their in- 
coel; g, genital opening. 

tervening mesenteries. 
The arrangement indicates that the mouth, hydrocoel, madre¬ 
porite, and associated organs of a Pentactoea gradually moved 
anteriorly away from the anus, thus coming nearer to the 
stem (preoral lobe of larva) and lengthening the gut by another 
half-coil. When the fixed existence was given up and the 
food-grooves closed in, leaving the external podia from the 
water-vessels, then the rays were able to extend equally in all 
directions from mouth to anus. The anterior ray and the two 
adjoining rays had thus cpme to be on that side of the elongate 
body which was directed towards the sea-floor, and to this they 


clung, or on it they crawled, by suckers 
which developed on the podia, which 
thus became “ tube-feet.” The left and 
right posterior rays ran along the upper 
surface of the body, forming the bivium 
of the Holothurian, homologous with the 
bivium of the Pelmatozoa, as shown by 
the position of the hydropore. 

The view has been held that the 
Synaptidae, with their simple structure 
and straight antero-posterior gut, repre¬ 
sent the simplest and most ancestral 
Echinoderms. But if the above account 



be correct, this simplicity is only ap- xvii. 

parent, and is the result of regressive 

changes. Such is the view that now ponte;«fc, stone canal; it, atomach; 
finds general favour. The PentadtUa resiST^S2d?iS*iSm^ 
stage (Fig. XVII.), in the development 
of SynaptUf with five interradial circum- 

oral tentacles, slightly curved gut, and aboral anus, is therefore 
not the modern ontogenetic representative of the phylogenetic 
PerUadcBaf as Semon supposed. 
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Further, if our present theory be correct, we must suppose that 
the larval history of the Holothurians has been exceedingly com¬ 
pressed ; so that, to take but one point, the development of the 
straight larval gut into the coiled gut of the adult takes place, not 
by migration of the mouth and associated organs, but by lengthen¬ 
ing and twisting of the gut itself. It is noteworthy that the two 
lateral radii of the trivium with their nerves and muscles and tube- 
feet, as well as the oral tentacles to which they eventually give rise, 
develop much more slowly than the three other radii. Those are 
the three radii which are assumed in the above account to be 
homologous with the original three radii of the primitive Pel- 
matozoan (cf. Fig. IX.). 

It therefore appears that the Holothurian stock branched ofif 
from the Pelmatozoa before complete pentamerous symmetry of 
the hydrocoel and associated organs had arisen, before any definite 
calycinal system had developed, while the gonads were still a 
simple strand opening to the exterior by a single posterior gono- 
pore. The diminution of the skeletal elements did not favour 
their preservation as fossils. Their spicules indeed are found in 
the rocks from at least the Carboniferous downward, but if we 
except the problematic Sphaerites^ Quenstedt (1852, non Dufts), no 
fossil Holothurian is known. The class was perhaps an early 
offshoot from the Edrioasteroidea. This theory explains how it is 
that the Holothurians are primitive in so many characters, although 
the most specialised in others; they are primitive as regards 
Pelmatozoic structure, specialised as regards Eleutherozoic. 

Symmetries.—The radial symmetry due to the fixed phylo¬ 
genetic stage is usually pentamerous. Hexamerous symmetry 
was independently acquired by some Cystidea. Variation from 
pentamerism may arise suddenly (discontinuous meristic variation 
of Bateson), producing hexamerous or tetramerous individuals, or 
species, or genera, according as the sport becomes fixed. There 
may also be a duplication, or further multiplication of radii, as in 
the ten-rayed Promachocrinus^ or an intercalation during growth, as 
in the many-rayed Labidiaster ; this is a different thing from the 
branching of a radius, such as occurs in Crinoids, Astrophytidae, 
and elsewhere. Again there may be variation by gradual atrophy 
of one or more radii, as in Galceocrinidae, and some heart-urchins 
and Holothurians. In spite of these variations, it is generally 
possible to divide the body of an Echinoderm, by planes passing 
through the ambulacra from the long or main axis, into approximately 
corresponding portions, “ antimeres,” normally five. These planes 
mark the radii, or better perradiiy since the terms ray and radius 
have been used loosely* Organs bisected by them are ^^perradial’’; 
such are invariably the main ambulacra! vessels, the arms of 
Stelleroidea and brachia of Crinoidea, with their included organs. 
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Half-way between the perradial planes are the planes marking the 
interradii. Organs bisected by these are “ in ter radial ”; such are 
the interambulacral areas of the test, the oral plates of Crinoidea, 
the gonads of Echinoidea. Between the perradii and interradii 
are adradiiy a term little used in practice; thecal plates adjoin¬ 
ing the ambulacrals are called “ adambulacral.” In a regular 
pentamerous Echinoderm an interradius is opposite to a perradius, 
and an adradius opposite to an adradius. 

All Echinoderms have a bilateral symmetry. Primitively the 
plane of symmetry, the sagittal plane, is determined by the mouth 
(anterior), the anus (posterior), and the hydropore (dorsal). But, 
in the first place, this sagittal plane, when clearly shown, is not 
the same as the sagittal plane of the Dipleurula, In Pelmatozoa 
it certainly is not; in Holothurians it only approximates to it. 
Secondly, in Echinoidea and some Cystidea, and in such Asteroidea 
as have an anus, the plane passing through the vertical axis and 
the madreporite {M plane) is not the same as that passing through 
the vertical axis and the anus (anal plane). Thirdly, the rela¬ 
tions of the anal plane to the M plane and to the radii may vary 
even within a single class, e,g, Echinoidea and Cystidea. Conse¬ 
quently the selection of any one plane as a plane of orientation 
for the different classes is arbitrary. Also it is convenient. We 
take then the M plane and note that the hydropore lies in an in¬ 
terradius with a radius opposite to it (Fig. XVIII.). That radius we 
denote by A, Then placing the animal with its mouth upwards 
and going round the test in the direction of the watch-hand (i.e. 
dextrally), we denote the other radii in order, I) C, D, E. The 
hydropore lies in interradius CD, In a developing Holothurian, 
or in such Holothurians as retain an external madreporite (Fig. 
XVIIL 3), the anus and mouth both lie in the M plane, forming 
the poles of the long axis, while radius A bisects the ventral 
surface; this therefore is the sagittal plane of bilateral symmetry, 
and Cu6not, 1891, calls it the ** Holothurian plane.” In a Crinoid 
(Fig. XVIII. 1), anus, mouth, and aboral pole, all lie in the M 
plane, which here also is the sagittal plane; but the anus, in inter¬ 
radius CD, never marks the aboral pole of the main axis, though 
it may usurp the place of the mouth at the upper pole. Many 
Cystids, and apparently the Blastoids, have a similar orientation. 
Other Cystids differ in that the anus lies to left or to right of 
the hydropore, while the relation of the radii to the M plane 
is not clearly defined. In Echinocystis (p. 301), which probably 
represents the relations in the primitive Echinoid, the symmetry 
remains as in Pelmatozoa; while the mouth is at one pole of the 
main axis, the anus lies in or near the M plane, which is therefore 
the sagittal plane, but the madreporite is near to the aboral pole. 
In later Echinoids the case is altered (Fig. XVIII. 4); the first step 
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appears to have been the passage of the anus to the aboral pole, 
the madreporite remaining eccentric and marking interradius CD ; 
whether this CD is identical with CD of Echinocystis, is another 
question; then the anus moved away from the pole in the direc¬ 
tion of radius By so that the anal plane made an angle of 72° with 
the M plane. This new plane (interradius DEy radius B) is termed 
by Cu^not the “Echinid plane”; Lovdn (1884) has shown that 
the plates of the five interradii in Echinoidea are disposed sym¬ 
metrically with reference to this plane. The sagittal plane of many 
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rianes of syinnietry in Kchinodenna (partly after Cucnot). 1, Cnnojd; 2, Asteroid; 
3, HoloUiiirian; 4, Regular Echinoul; 5, Irregular Ecliinoid. As, anus; M, plane passing 
through niadre^Kinto; krk, Bcluiud plane; L, Lov^n's plane. For other letters, see acQoinmg 
text 

other sea-urchins, notably the heart-urchins and their allies (Fig. 
XVIIL 5), i,e. the plane passing through mouth, anus, and apical 
pole, corresponds with neither the M plane nor the Echinid plane, 
but passes through radius D and interradius AB ; Cucnot calls it 
“ Lov6n*8 plane.” The bivium (AB) and trivium ((7, Z>, E) of a 
heart-urchin are therefore in no way identical with those parts in 
a Holothurian, a Crinoid, or a Stelleroid. In those starfish that 
have an anus (Fig. XVIII. 2), that organ, as shown by Ludwig, is 
in interradius BC; this with the vertical axis marks the “ Asterid 
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plane ” of Gu6not. It is scarcely worth while to describe yet other 
divergences of the sagittal plane from the M plane, such as occur 
in Cystidea and Blastoidea. Ail of them are due to the imposi¬ 
tion of a tertiary bilateral symmetry, obscuring the previously 
existing secondary bilateralism that had already replaced the 
bilateralism of the Dipleurvla, 

Oavities and their Contents.—The cavities into which the 




thecal cavity is divided by the ontogenetic changes above described, 
are:—(1) Gut and appendages, derived from the archenteron, with 
mouth and anus in part produced by invagination. (2) Coelomic 
cavities: (a) the ambulacral system, derived from the left hydro- 
coel; {b) the main body-cavity derived chiefly from left posterior 
coelom, which in Pelmatozoa, Stelleroidea, and Echinoidea becomes 
mainly adoral; (c) the aboral body-cavity of Pelmatozoa (with 
, columnal extensions), of Stelleroidea, 

Echinoidea; (d) the axial 
sinus of the same three classes, 
derived from the anterior coelom, 
running down into the stem in Pel- 
2 5 niatozoa, indirectly connected with 

e \ 1 hydrocoel through the stone 

canal, and containing “the axial 
organ” (p. 23); (e) a perioeso- 
4 sinus, sometimes subdivided, 

L** is completely or incompletely sepa- 

rated from {b)y especially in Holo- 
; ^ thurioidea, Echinoidea, and Ophi- 

KSix The coelomic cavities are lined 

*' pavement endothelium, usually 

ciliated, and sometimes further pro- 
.j vided with special ciliated or flagel- 

V®/ lated organs which keep the con- 
3 tained fluid in motion {e,g, “urns” 

Fio. XIX. of Synaptidae (Fig. V. 4, p. 233); 

Oorpusclo! of the coelomic fluid, land <* piliofoH nina ” of PrinoiH Arma 
2 from the Echinoid, EcMnu* Bphaera Clliatoa CUpS 01 OrinOia armS, 

(after Geddea). I, amoeboid corpuscle especially pinnulcs; free flagellate 

with granules of brown ferruginous pig- f, # Vi i • . -i v m« « • ^ • 

ment, perhaps respiratory. 2, amoeboid cells Of EchinOldea). The fluid 18 

jSta. opMuSd"(5!w^ similar to that found in the lacunar 

“blood-vascular system”; itiss^ 

due to haemoglobin. 4 and 6 from the water, perhaps taken in through the 
Uolothurian, Thyoiulla gmmata (after j ^ ^ • * 1.1 

Howell). 4 . white corpuscle. 6, oval, madrepontc. Containing a variaDle 

ainount of albumen in solution, 

especially in the lacunar system, 

and sometimes slightly yellowish or reddish. In it float various 

bodies, viz. (a) amoebocytes (Fig. XIX. 1,2,4) capable of wandering 
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through all the tissues, including the skeletal, and containing re- 
fringent granules, proteids, fat, and a yellow pigment called “echino- 
chrome” (MacMunn, 1885); they seem to be specialised as bearers 
of reserve food, as calcigenous cells (p. 28), as phagocytes, and 
as bearers to the exterior of waste products often pigmented 
(Durham, 1891, St. Hilaire, 1897); {b) red corpuscles with haemo¬ 
globin (Foettinger, 1880), rion-nucleate, but vacuolate or granular 
in water-vessels of Ophiuroids (Fig. XIX. 3), nucleate in various 
coelomic cavities of Holothurians (Howell, 1886; Cu4not, 1891, 
Fig. XIX. 5); the respiratory nature of these is demonstrated by 
their containing haemoglobin. 

Whatever may be the homologies of the hydrocoel, there is, 
physiologically speaking, no nephridial or other excretory system 
in Echinoderma. The function is probably performed by the 
wandering cells just mentioned. 

The Axial Organ has had many functions ascribed to it, as 
shown by its various names : Heart (Tiedemann), Pseudo-heart, 
Central Blood-plexus (Ludwig), Glandular or Chromatogen organ 
(Hamann), Lymph Gland, Madreporic Gland (Koehler), Collateral 
or Plastidogen organ (Perrier), Ovoid Gland (Perrier, Cu^not, and 
others). Genital stolon, Plexiform Gland or Dorsal organ (P. H. 
Carpenter), Kidney (P. and F. Sarasin). The Sarasins (1888) 
give a good account of the literature; later notes of value are by 
Cu4not (1891) and Durham (1891). Generally it is a brownish, 
finely lobed, often pear-shaped body, showing under low magnification 
a complicated arrangement of tissue strands (Fig. XX. 1). It does 
not occur in Holothurioidea. In the other classes it is developed 
in the axial sinus by irregular growth of endothelium, which forms 
canal-like strands separated from one another by spaces derived 
from the axial sinus; these latter are therefore primitively 
connected with the water-vessels and madreporite through the 
stone canal. Strands growing out at an early age from the central 
plexus become the gonads, but the connection may be lost in later 
life. In association with the genital strands are also radiating 
“ haemal strands,” not true blood-vessels, but serving for the 
transmission of nutrient cells. Such cells, as well as pigmented, 
excretory amoebocytes, are found in quantity in and about the 
axial organ. In Pelmatozoa the axial organ, surrounded by the 
axisil sinus and the lobes of the chambered organ, stretches right 
down the stem (Fig. XX. 2). The position of the axial sinus with 
regard to the gut suggests that nutrient fiuid passes by osmosis into 
the axial organ, which thus serves as a kind of distHbutor, but there 
is no evidence of pulsatile pump-action, i.e. it is no heart. The 
evidence of new cell-formation is too slight to warrant the idea 
that the axial organ is a factory of amoebocytes. There is still room 
for study of this peculiar body, especially through experiment. 
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The (Genital Organs throw light on the axial organ, since it 
exists only in those classes in which the gonads are ati*ected by 
radiate symmetry, and not in the Holothurians. It follows that 
the axial organ was a secondary development. Ontogenetically 
the genital strands bud off from one end of it, where a ring is 



Fici. XX. 

The axial ortfun. 1, loiiKitinlinal aecthm througlt inirt of tin* <iij'an in the «ea urchln, 
Sphftereihitiua y/u/. ”'"^78 (after ljei(>uldt) x 350 p/, inuhseN , Uu, iKTifihoral bloo<l 

lacunae of the orj^an; ur ^ waiulonit*' cells. 2 , longitudinal section, mIiouiii^ rclatioiiH of the 
organ to the chainWwl organ ni young AntfiUm IViriei). (u, cells «)f axial oigon ; y, 

fibrous ineinbraiiH, which mitly t*n\ehii»es it; (ji, epithelial coat continuous with chuinberetl 
organ; $, septum of chaini>ere(i oigan; 7/, iieixe.s proc€*e«ling fioin tibiilliir i‘n\elope of same ; 
c, cirri, one just budding out. nr, atrophied axial canal of stein, continuous with axial oigan. 


formed, and with the extensions of these go also extensions of the 
axial sinus (Fig. XXI.). The single gonad of the Holothurioidea, 
connected with the dorsal mesentery, appears therefore to be the 
homologue of the axial sinus and organ rather than of any one of 
the interradial gonads of the other classes. The gonads, therefore, 
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are of endothelial origin. There aj)})ears, however, as shown by 
Hamann, to be a migration of the actual sexual cells; and the 
view of Ciuhiot that these are primarily amoebocytes derived 
from the axial organ suggests their possible mesodermic nature. 
Compare the migration of sexual cells deiived from the ectoderm 
in Hydroids. The growth and minute structure of the ovum have 
been described by Crety (1894), of the spermatozoon by Field 
(1895); both authors refer to preceding literature. No striking 
peculiarity is presented by Echinoderm gonads (cf. Fig. VI. 1). 



Diagrams showing relations of jiseudhaomal and watm-v.isj-ular s> stems and a\ial organ in 
Astertas rnhois (niU'r Chadwick). 2 is x f>0. alanal Inn'iiial nng ; or, .iM.il «)rgan ; nx.p, 

axial {Minhamnal cjiiial, hm, Imccal inembrano; i/, genital stninds; 9 / 1 , absoi U'lit haeiii.il strands 
leading from the gut-wall; fir, circumor.il haemal niig, </», inner perihacm.il canal (cf. Fig. 
XXII.); f, blootl lacunae; madroporite; w, ner\e ring; op, outer i>erihaemal can.il; ru, 
radial wat«r-ve 8 .sel ; r/t, radial hiiemal strands, st, stomacii with folded \miII ; stone canal, 
ivr, circumoral wuter-rmg. 


The sexes are nearly always se])arate, and fertilisation takes place 
in the water. 

The Haemal Systems of Echinodetma are of two types, which 
may coexist, but of which one usually predominates. Neither is a 
true vascular system, but each consists of a series of smaller lacunae 
(spaces without deiinite walls) or larger sinuses, sometimes appear¬ 
ing as closed, but probably always having some communication, 
however minute or indirect, with the other cavities of the body. 
The fluid in these spaces differs from the ordinary coelomic fluid only 
in containing more albumen, and has, likewise, no definite circula¬ 
tion. The systems are: (a) Pseudhaemal, consisting of a ring 
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placed between the ring and radial nerves of the oral system 
above, and the ring and canals of the water-system below. This 
system is dominant, perhaps the only one, in Stelleroidea, where 
it communicates with the general body-cavity and the axial sinus; 
it is present in Echinoidea and Holothurioidea, in which classes it 
is said to be closed; it is so much reduced in the Grinoidea that 
its existence is denied by some authors. In Asteroidea (Figs. XXL, 
XXII.) the ring is divided into an outer and an inner ring by an 
oblique septum, from each angle of which a vertical septum passes 
down each radial canal. Formerly the system was supposed to 
develop as a cleft in the mesenchyme, and therefore was called the 
** schizocoelic system ”; MacBride (1896) has shown that in Asterina 
the inner ring is an outgrowth from the axial sinus, while each of 
the five compartments of the outer ring and canals arises separately 
as an outgrowth of the coelom, the outgrowth in the madreporic 
interradius being derived from the anterior coelom, the rest from 

the left posterior coelom. (6) Lacunar, 
present in all classes except perhaps 
Stelleroidea, and developed as lacunae 
or small spaces in the connective tissue, 
and therefore mesodermal (Fig. XXL). 
It is differentiated into a network in the 
wall of the gut, absorbing therefrom the 
nutrient fluid, which is carried by a 
main trunk on each side of the gut to a 
circumoral ring; from this run radial 
Fio. XXII. canals, below the pseudhaemal canals 

Diagram of the paeuaiiaemai when present, and above the water- 

sygtem of (after MacBnde). i i -i i 

Seen from above: Af iii.arks the M VeSSClS, while it 18 connected With net- 

works on the surface of both gonads and 

the one arising from the anterior axial Organ. The lacunar svstem of the 
coelom; ox, axial einua, passing « n *1 ^ i ^ 

towards, but not ofMning into, the Stelleroidea differs in the absence of an 

hydSSiiSe absorbent network, and is, says Cu^not, 

a derivative of the axial organ, and 
therefore endodermal, i.e. it is only the pseudhaemal system greatly 
extended. 

Beepiration takes place through all exposed processes of the 
ambulacral system, and through the body wall where thin enough, 
ae in some Holothurians. Specialised outgrowths or foldings of 
the latter are: the ** external gills ” of Echinoidea, outgrowths of 
the circumoesophageal sinus; the papulae of Asteroids, containing 
diverticula of the body cavity; the Imrms of Ophiuroids; the **pectini- 
rhombs" of some Cystids; the ** hydrospires ” of Blastoids and 
some Crinoids. Respiration is also effected by water entering the 
alimentary canal, whether through mouth or anus; in the latter 
ease it is again expelled. Special structures connected herewith 
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are: the “ respiratory trees,” which occur in some Holothurians 
as outgrowths from the cloaca; the anal tube of Crinoids, which 
in some Palaeozoic forms was large and with folded walls, forming 
the so-called “ ventral sac ”; the ** accessory intestine ” of Echinoids, 
a kind of by-pass, permitting water to flow through without 
interfering with the digestive process going on in the main gut. 

Lymph-glands.—The amoebocytes are formed in specialised 
glandular regions of both haemal and ambulacral systems. Of 
the former nature are the radial and pharyngeal vesicles of Regular 
Echinoids, first described by Prouho (1888); the greater part of the 
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Echmoderm histology. 1, fundamental hbrous substance, with nuclei and an embryonic 
cell, from Kchinaster sepontus, 2, stellate embryonic mesenchyme cells of Aiterias glactalit. 
8, gelatinous connective tissue of Spatangus jmrpurevs {x 200). 4, clastu' tibn's of connective 
tissue from Astericu glocxalu. 5, fibres from stalk of a pedicellana of same. 0, muscle-fibre 
of same. 7, muscle-fibre from a spine attachment of Toxopnewtes ltt‘ufi«(x 200). 8, muscle- 
fibre from jaw pyramid of same (x 250). 9, muscle-fibres from gut of Sphaerwhinu^ e^ulentvA 
(x 175). 10, transverse section through a muscle-bundle of Asthenosoma urent, s, sheath of 
connective tissue from which procee<T septa that limit the smaller divisions. 11, stroma 
continnetl as fibrils across a suture m HjMxtangvs jmrpuretis, the stereom of the ossicles 
dissolved away. 12, transversely striate muscle-fibres of Kchiyius acutus. 13, dorsal ligament 
of arm of ArUedon (x 125). 14, iiitcrartlcular substance of I$o(n'xnw cuteria. 1, 2, 4, 6, 0 (after 
Cu4not). 3, 7 , 8 , 0 (after Hoftinann). 10 (after P. and F. Sanisin). 11, 12 (after Hamann). 
18 (after W. B. Carpenter). 14 (after Joh. MUller). 


Stelleroid lacunar system, just mentioned; and the “spongy organ” 
of Crinoids in the oral ring. Connected with the ambulacral system 
are the “ Polian vesicles ” found in most Echinoderms other than 
Crinoids, and the “Tiedemann’s bodies” of Asteroidea (p. 243). 

The primitive Mesenchyme cells, derived chiefiy by migration 
from the endoderm, partly from the ectoderm, have a large nucleus 
and indistinct, often amoeboid, cytoplasm. From them are developed 
connective and muscular fibres, amoebocytes and calcigenous cells, 
and intercellular, gelatinous, and fibrous substances. Themuscle-fllm 
(Fig. XXIII. 6-9) derived from a single cell is smooth and straight, 
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clearly defined at the ends, with a lateral nucleus. A few striated 
muscle-fibres are known in Echinoidea (Geddes and Beddard, 1881 ; 
Hamann, 1887). A semi-muscular, hyaline tissue of wavy, nucleated 
fibrils is peculiar to Crinoidea, and is called “ligament tissue.” 
There are also muscles of endothelial origin. Connective tissue 
fibrils are nucleate and vary in length and shape; there are also 
rounded or stellate cells (Fig. XXIIL 4, 2). Intercellular substance, 
secreted by mesenchyme cells, often attains great thickness in 
the integument; it may remain a soft jelly, or becone tough as 
indiarubber, or may split up into interlacing fibrils; it usually 
contains amoebocytes and ordinary connective tissue cells; it forms 
also interarticular substance (Fig. XXIII. 14), elastic ligament, 



Stereom fornuitioji 1, from tim limdor imition of a Phiteiis of Erfnmt/t miliitng. one of 
the large supportiiij: rods of tin* Pfutrun, c, a f hroe-prongefl spicule stnrounded bv a group of 
cak'igenoiis cells, which dcrMctheii Iinie through a ineshwork of psemlopodiii am) cells («), 
Irom the rrxls of the PlnUu^ am) from their broken einls, which are seen just Ijelow r. 2,3, 
earliest xtageH of ,1 spicule of E< hinonmmn^ .sui mumleil by calcigenons cells 4, mfrabaaal of 
an Antedon lar\a forty-eight hours ohl (x 230). tf, regular stereoin fiom the outer part of the 
cup of Jlolopvs (x 56). 6, portion of horizontal section of Uoloput enp, showing relation of 
irregular (i) and regular (r) atertoin (x !>). 1-3 (after Theel). 4 (aftei Seehger). 6, 6 (after 
P. H. Carpenter). 

and the walls of internal organs. Parallel structures are found in 
the cartilage of Vertebrata. 

The formation of a calcareous skeleton by the mesoderm was 
as pronounced in the oldest known Echinoderms as it is to-day, 
indeed, more so. To the prickly skin, so commonly a result of 
this, is due the name of the phylum a hedgehog; Sepfia, skin). 

Amoeboid cells in the mesenchyme have the power of fusing by 
pseudopodia into plasmodia or into reticular tissue (Fig. XXIV.). 
Where the pseudop<xlia meet and fuse, the protoplasm secretes 
a small calcareous spicule (intracellular, Th4el; extracellular, 
Semon), which gradually increases in size along the lines of the 
pseudopodia. Such spicules meet and fuse by their processes, 
thus building up a hard tissue (“ stereom ”), with a structure that 
in section appears reticular, but really is more like a beam-and- 
rafter-work. As, in the growing Echinoderm, the protoplasmic 
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reticulum becomes a more definite stroma, so the pattern of the 
stereom acquires definiteness, and varies in the different parts of 
an individual, as well as in different species. In the course of 
ages the spicules of the adult have themselves come to acquire 
definite shapes characteristic of species, and this is notably the 
case with the complicated “ wheels,” “ anchors,” and “ tables ” of 
Holothurians (Figs. II. 3, 6; V. 6, 7, pp. 222, 233); but, as Stewart 
and Bell have shown, also applies to the spicules of the thecal 
cavity in sea-urchins. The spicules of the theca usually fuse into 
plates, those of the appendages (brachia, stem, etc.) into ossicles. 
There is no real distinction; but it is often the case that the 
reticulum of the ossicles runs in straighter lines, while that of the 
plates is a more open mesh-work; this is due to the definite 
arrangement of the connecting fibres of the stroma in the append¬ 
ages, and when this is definite in the theca the result, as we shall 
see under Cystidea (p. 42), is the same. Attempts to use this 
as an important character in distinguishing brachials from radials 
(p. 112), or a dorso-central from columnals, have no secure 
foundation. The stereom is absorbed by cells similar in outward 
appearance to those which deposit it, and the calcareous salts are 
transmitted by communicating pseudopodia from the absorbent to 
fresh depositing cells. Thus the spicules of the Echinoid Fluieus 
form a reserve for the growing urchin ; thus, too, the anal plate 
of the growing Antedon is absorbed, and its material used by the 
increasing radials. Th^el, to whose observations (1892-96) much 
of this knowledge is due, compares the reticular tissue, the 
osteoblasts, the osteoclasts, and the “ Howship’s foveolae ” formed 
by the latter, of Vertebrata with the similar structures in Echino- 
derma. Bone in its first stages, especially that formed in connec¬ 
tive tissue, is marvellously like Echinoderm stereom, and is like¬ 
wise of mesodermic origin. But, whereas bone is an extracellular 
formation, it is probable that the spicules of Echinoderms, like 
those of Sponges, are intracellular. The otoliths of some 
Holothurians and the biscuit spicules of others (see p. 224) are 
distinctly intracellular formations. Bone, moreover, is phos¬ 
phate, not carbonate, of lime, and does not retain the markedly 
crystalline character always possessed by Echinoderm stereom, 
even when highly complicated. Each skeletal element of an 
Echinoderm acts as a crystallographic individual, polarising light 
and cleaving along the planes characteristic of calcite. In fossils 
the cleavage is often emphasised by an infilling of the spaces with 
secondary calcite which has axes identical with those of the original 
crystal. According to Semon (1887), every skeletal element begins 
as a tetrahedron, usually in the form of a trifid spine with branches at 
an angle of 120°. The formation of similar spicules in sponges has 
been studied by Minchin (1898, see Part II., Chapter on Porifera). 
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The epiblast develops into an ectoderm, ciliated in whole or 
part. In the adult this often becomes merged in the mesoderm 
so as to be indistinguishable; in Ophiuroids it is for the most part 
calcified by the immigration of calcigenous cells; in Asteroids and 
Echinoids it remains with its cilia; in Crinoids it remains on the 
tegmen of some forms, and in the ventral grooves, where it is 
ciliated ; in Holothurioidea it is very variable, being best preserved 
in Synaptidae. From the epithelium is derived the superficial 
“ oral nervous system,” composed of the circumoral ring and 
radial nerves. In Asteroidea and Crinoidea this remains on the 
surface, but in the other classes it sinks below, while the grooves in 
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Byes of Echinodenns. 1, the end of a ray in younj? A-steronl. f, terminal tentacle; p, podia; 
e, eye<s|K>t. 2, Hection acro.Ha the eye'S{H)t in Astrn<u, showing seven eye-cups, en, endo- 
theliniii of perradial water-vessel; cf, connective tissue fibres; nn, nerve below epithelium. 
3, section across an eye-cup (after Cu^not). al, cilia; cut, transparent cutis, below which 
are the pigmented and retinal coils. 4, diagram of eye-sjiot of Duidema setosim, niodiflc'J 
from Sarasin. The eye-B]) 0 t. with its hexagonal eleinpiits, is surrounded by the pigmented 
integument, composed of a glandular, columnar epithelium (rp) winch merges into the cornea 
(cor) above, and the eye-cups below ; eacii cup is C0Hte<l nt its base with pigment (to), and rests 
on a nervous layer (an), below which is again pigment Connective tissue fibrils (i^ pass 
through tins in places. 


which the nerves originally lay are closed over them, forming 
** epineural canals (Fig. XIII.). 

Two other nervous systems are formed in Echinoderma: (a) 
the deeper oral nervous system ” from the mesoderm, underlying 
and roughly following the course of the superficial system; said 
to be absent in Crinoids, but is probably represented by their 
“ sub-epithelial system ”; present in all other Echinoderms except 
those Echinoids that have no masticatory apparatus; it chiefly 
innervates the muscles in the oral side of the body wall; (b) the 
“ apical nervous system,’’ most pronounced in Crinoids, and derived 
from the endothelium of the axial sinus; it is believed to occur in 
all other classes except Holothurioidea; it innervates the dorsal 
musculature of the test and appendages. 
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Sense-organs are but slightly developed. They are tactile, 
visual, and auditory or orienting. Tactile organs are furnished 
by the ambulacral appendages, the spines, and the pedicellariae. 
The chief among the ambulacral appendages is the “terminal 
tentacle,’^ the unpaired end of the perradial water-canal, differ¬ 
entiated only in Stelleroidea and Echinoidea (Fig. XXV. 1). In 
Asteroids it is coated with columnar epithelium bearing long cilia 
and innervated by the radial nerve; in Ophiuroids this nerve, 
which is sub-epithelial in the arm, becomes epithelial in the 
tentacle; in Echinoidea the terminal tentacle is a sensory papilla 
penetrating the pore in the “radiar* or “ocular” plate of the 
apical system. The remaining ambulacral appendages, the podia, 
whether sucking feet, as in Echinoidea, Holothurians, and Asteroids, 
or tentacles, as in Ophiuroids and Crinoids, are highly sensitive, and 
sometimes have special developments. Thus, on the adoral side 
of the oral tentacles of Synaptidae are two rows of papillae, of 
which the tip is concave and ciliated; these are called “ sensory 
buds,” and supposed to be organs of smell or taste. Again, the 
podia of Crinoids have small papillose projections, each papilla 
armed with three stiff but fine hairs. Similar papillae, sometimes 
more developed, occur in some Ophiuroids and Echinoids. Spines 
occur chiefly in Echinoids, less pro¬ 
nounced in Stelleroids, and rarely in 
Crinoids and Blastoids. Not all spines 
are sensory. The smaller spines of Cidar- 
oida, surrounding the larger spines and 
the main openings of the theca, are 
covered with ciliated epithelium, and 
bear tactile hairs at the tip; the minute 
spines (clavtUae) on the fascioles of Spat- 
angidae (see p. 319) likewise have a 
ciliated integument, probably with sen¬ 
sory cells. The club-shaped spines of 
some Ophiuroids are covered with a 
glandular and sensory epithelium. Pedi- 
cellariae occur in all Echinoids, some 
Asteroids, and a few Ophiuroids; they are 
small, forceps-like appendages derived 
from spines (see p. 287). All are covered 
with a glandular, sensory epithelium, 
which in the “glandular pedicellariae” 
of some Echinoids develops special tactile 
prominences. Visual organs are known 
only in all Asteroids, a few Echinoids, and 
Synapta^ but other (probably all) Echinoderms are sensitive to light, 
owing, perhaps, to the action of the pigment-bearing amoebocytes. 



Fio. XXVI. 


A single cup of Fig XXV. 4 , 
rocoiKstructwl from the evidence 
of SArnsin. Outside Is a ciliated 
cuticle, covering the transparent 
cellular cornea; below Is a refrac¬ 
tive btxiy possibly a vacuo¬ 
late and multinucleate cell; the 
nuclei (n«) lie in strando of proto¬ 
plasm : outside the base of the 
cup is a layer of anastomosing 
pigment cells, which pass up from 
the pigment laver below through 
the ganglionated (gg) nenroua 
layer. 




32 


ECHINODERMA---GENERAL DESCRIPTION 


In Asteroids (Fig. XXV. 1) an eye-spot (e) lies at the base of each 
terminal tentacle {t) on its aboral side. This spot is a red cushion 
in which are many conical cups, each representing an eye (Fig. 
XXV. 2). The wall of each cup is formed of pigment cells and 
interspersed unpigmented retinal cells (Fig. XXV. 3). The 
Echinoid Diadema seto^m has a black integument with numerous 
spots which, owing to interference of light, appear blue. Each 
blue spot, as proved by P. and F. Sarasin (1887), is a com¬ 
pound eye (Fig. XXV. 4). The structure of a single element is 
shown in Fig. XXVI. Supposed auditory organs (“Baur’s 
vesicles” or otocysts) have been described only in some Holo- 
thurians, e.g. Synapta (see Fig. XVII. oc; also p. 234 and Fig. V. 5 
on p. 233). The sphaeridia of Echinoids (see p. 288) are sup¬ 
pose to be organs of orientation, or of taste and smell (Loven), 
or for appreciating chemical changes in the ater (Ayers, 1885). 
They occur only on the oral side of the theca, and when the 
animal is in the natural position they hang down like the clapper 
of a bell; but when the animal is tilted, each sphaeridium presses 
against the nerve cushion surrounding its stalk. 

Distinctive Characters of Phylum and Classes.—The foregoing 
account has introduced the fundamental features of Echinoderm 
morphology, laying stress on ch«aracters common to the whole 
Phylum rather than on those that distinguish the various classes. 
It has, however, tended to show the inner meaning of those out¬ 
ward distinctions between the chief types with which the chapter 
opened, and the student may perhaps have realised that *Hhe 
homologies within the Echinoderm stock ” are, as Semon has in¬ 
sisted, often more apparent than real. In drawing up a definition 
of the Phylum that shall include the most primitive forms of fixed 
Echinoderms known, one cannot utilise most of the characters 
usually thus employed in systematic treatises, since they are 
secondary, homoplastic acquisitions, often with no true homology. 
It is, for instance, not sure that all Echinoderms have a radiate 
symmetry, even an obscured one. It is true that all recent 
l^hinoderms have a lacunar, haemal system; but that system in 
Stelleroidea is not homologous with the one in Crinoidea. It is 
highly probable that all animals to which the name “ Echinoderm ” 
could have been applicable since the beginning have had a portion 
or portions of the anterior coelom specialised as a hydrocoel; but 
this is different from the questionable assertion that all Echino¬ 
derms have an ambulacral system. 

On the other hand, in any attempt to limit the several classes, 
respect should be paid to deep-seated structures illustrative of past 
history and genetic afUnity rather than to the obvious but super¬ 
ficial differentiations that characterise the representatives now 
living. We have to make our classificatory partitions run back 
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as far as possible. Since the factor determining the lines of 
evolution appears to have been position with regard to the sea¬ 
floor, this must no longer be contemned as “ mere difference of 
habit.” The first Echinoderms were not necessarily fixed, but 
fixation probably affected all representatives of the Phylum at an 
early period and produced gradual changes, the first being the migra¬ 
tion of the mouth and left hydrocoel to the upper pole. Those 
forms in which the oral pole remained uppermost, whether actual 
fixation by the aboral pole persisted or no, are to be distinguished 
from those in which the oral pole again shifted, accompanied by loss 
of fixation. Leuckart’s term Pelmatozoa (1848), though primarily 
connoting the actual or ])otential possession of a stalk, has come 
into general use for the former group. The term Statozoa, pro¬ 
posed by Bell (1891), implies absence of locomotion, and is 
therefore not so great an improvement as to compel its adoption. 
The term Crinoidea was extended by Roemer (1851) to include 
all Pelmatozoa, but such extension does violence to the intentions 
of J. S. Miller, the coiner of the name (1821). The forms with 
oral pole uppermost may, it is true, be divided into classes; but, 
as maintained by Huxley and Ray Lankester, their genetic con¬ 
nection is so evident that it should be recognised by the establish¬ 
ment of a Sub-phylum, to which we shall continue to apply the 
name Pelmatozoa. The included classes, as hereafter explained, 
are the Cystidea, Blastoidea, Crinoidea, and Edrioasteroidea. The 
remaining classes of Echinoderma have been placed together by 
P. H. Carpenter and others as Echinozoa, but may more con¬ 
veniently be spoken of as Eleutherozoa (a term originally used by 
Bell in a sense excluding Holothurians). Their genetic connec¬ 
tion, however, is only that due to descent from the Pelmatozoa ; 
even if all Eleutherozoa descended from one class of Pelmatozoa, 
they did so at widely differing periods. The Holothurians must 
have cast loose before the genital organs had been affected by radial 
symmetry, and are thus, as well as by the horizontal position of 
the oro-anal axis and the retention of the 3/ plane as sagittal, 
sharply distinguished from Echinoidea and Stelleroidea. The two 
classes last mentioned were with some reason opposed by 
Leuckart to Pelmatozoa and Holothurioidea (or Scytodermata, 
as he called the latter) as Actinozoa; but they differ in important 
features. If Cu^not’s interpretation of the lacunar systems be 
correct, it seems as though the Echinoidea branched off before 
radial symmetry had greatly affected the coelomic lacunar system 
derived from the axial sinus; similarly the digestive system 
retained its coiled and non-radiate arrangement; moreover, the 
sinking of the ambulacral water-vessels and nerves below the test 
here diverged further from the Pelmatozoic type than is the case 
in Asteroidea. The extension of the ambulacra nearly to the 

3 
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aboral pole in Echinoidea and the development of a special 
terminal plate at the end of each ray in Stelleroidea afford 
features of much diagnostic value, but of less morphological im¬ 
portance. English writers have usually regarded the Asteroidea 
and Ophiuroidea as well-dehned classes. The normal forms are 
in fact markedly separate, but the evidence of ontogeny, as well 
as the existence of connecting links now, and the approxima¬ 
tion of the two groups in Palaeozoic time, renders this view 
difficult of acceptance, so that they are here combined in a class 
Stelleroidea. 

Diagnosis of Echinoderma. —Metazoa, coelomata, triptoblastica, 
living in salt or brackish water, with a primitive bilateral sym¬ 
metry still manifest in the right and left divisions of the anterior 
and posterior coelom; with a hydrocoel primitively developed from 
each half of the anterior coelom, and connected with the exterior 
by a water-pore; with stereom composed of crystalline carbonate 
of lime deposited by special amoebocytes in the meshes of a 
mesodermal reticulum or stroma, chiefly in the integument (absent 
only in the highly modified Pdagothuria^ p. 230, and, according to 
Koehler, in the Holothurians Stichopus pallens and S. iarvus); with 
gonads derived from the endothelium, apparently of the anterior 
coelom; total segmentation of the ovum produces a coeloblastula 
and gastrula by invagination; mesenchyme is formed in the seg¬ 
mentation cavity by migration of cells, chiefly from the hypoblast. 

Known Echinoderma show the following features (imagined to 
be due to an ancestral Pelmatozoic stage) -Increase in the 
coelomic cavities of the left side and atrophy of thjse on the right; 
the dextral coil of the gut, recognisable in all classes, though 
often greatly obscured; an incomplete secondary bilateralism 
about the plane including the main axis and the water-pore or its 
successor, the madreporite, often obscured by one or other of 
various tertiary bilateralisms; the development of the hydrocoel 
into a circumoral, arcuate or ring canal, the hydrocircus; except 
in the small (but increasing) number of known cases in which care 
of the brood has secondarily arisen, development is through a 
free-swimming, bilaterally symmetrical, ciliated larva, of which 
in many cases only a portion is transformed into the adult 
Echinoderm. 

All living, and most extinct, Echinoderras show the following 
features (almost certainly due to an ancestral Pelmatozoic stage): 
—An incomplete radial symmetry, of which five is usually the 
dominant number, is superimposed on the secondary bilateralism, 
owing to the outgrowth from the peristome of one unpaired and two 
paired ciliated grooves; these have a floor of nervous epithelium, 
and are accompanied by subjacent radial canals from the hydro- 
circus, giving oflF lateral podia and thus forming ambulacra, and by 
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a pseudhaemal system of canals apparently growing out from 
coelomic cavities. 

All living Echinoderms have a lacunar, haemal system of 
diverse origin. This, the ambulacral system, and the coelomic 
cavities contain a fluid holding albumen in solution and carrying 
numerous amoebocytes, which are developed in special lymph- 
glands and are capable of wandering through all tissues. 

The Echinoderma may be divided into seven Classes, the 
mutual relations of which are roughly represented in the annexed 
table. 


^Cystidea-Edrioasteroidea 

i 1 


PfLMATUZOA i, BlASTOIPKA 

I 

L Ckinoidea 


. 


Holothurioidea \ 


— E( HI noidea 

— Stelleroidea 


V(Eleutherozoa) 
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THE PELMATOZOA—CYSTIDEA.^ 

GRADE A. PELMATOZOA, Leuckart (1848) 

( = Crinoidea, sensn lato Ancit\ 

Class I. Cystidea. 

„ II. Blastoidea. 

„ III. Crinoidea. 

„ IV. Edrioasteroidea. 

Echinoderma with the viscera enclosed in a calcified and plated 
theca, of which the oral surface is uppermost, and which is usually 
attached, either temporarily or permanently, by the aboral surface. 
Food brought to the mouth by a subvective system of ciliated 
grooves, radiating from the mouth either between the plates of the 
theca (endothecal), or over the theca (epithecal), or along processes 
from the theca (exothecal: arms, pinnules, etc.), or, in part, and 
as a secondary development, below the theca (hypothecal). Anus 
usually in the upper or oral half of the theca, and never aboral. 
An aborally placed motor nerve-centre gives off branches to the 
stroma connecting the various plates of the theca and of its 
brachial, anal, and columnar extensions, and thus co-ordinates the 
movements of the whole skeleton. The circumoesophageal water¬ 
ring communicates indirectly with the exterior; the podia, when 
present, are respiratory, not locomotor, in function. 

The origin and meaning of many of these characters have 
already been discussed in the general section. The origin of 
others will be traced in following the history of the Grade; and 
many of them will be more fully discussed under Crinoidea, in 
which class alone are they adequately known. 

The classes of Pelmatozoa here adopted are of very unequal 

^ By F. A. Bather, M.A. Since the migority of Pelmatozoa, being of extinct 
types, present peculiar difficulties, the student unfamiliar with Echinoderm struoture 
is recommended to begin either with the description of a simple Crinoid (Chapter XL), 
or that of a Starfish (Chapter XIV.). 
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value; and to place them either in a line or side by side does not 
represent their phylogenetic relations. Such, probably, would be 
better shown by placing a primitive class, Amphoridea, at the 
base and deducing from it several lines of descent, viz. Edrioas- 
teroidea, Anomalocystida, Aporita, Rhombifera, and Diploporita. 
From the Edrioasteroid line, we may suppose, there sprang first 
Holothurians, then Stelleroidea, then Echinoidea, while the line 
itself still survived in more specialised forms to the close of the 
Carboniferous period. The Diploporite line ought properly to 
include the Blastoidea ; and from it probably there arose, as a R-esh 
development with a new lease of life, the important class, 
Crinoidea. The other lines were unsuccessful and none survived 
the Silurian. But to make the classification coincide absolutely 
with this history, which after all is not yet proven, would be to 
reject names and classes that have held the field for more than 
half a century in favour of new and unaccepted terms. Old 
names, therefore, have been retained so far as possible. The 
diversity of existing opinion, however, may serve as excuse for a 
few novelties. Such are the use of Haeckel's Amphoridea, in an 
emended sense; the resuscitation of Edrioasteroidea; the emenda¬ 
tion of the Rhombifera, Aporita, and Diploporita, and of the 
included families, which, when not new, are rarely used in the 
sense of the original proposer; the extension of the Blastoidea, 
and their division into Proto- and Eu-blastoidea; a considerable 
revision of the accepted classification of Eublastoidea; and a 
recasting of the classification of Crinoidea. 

CLASS I. CYSTIDEA, Von Buck (1844). 

Order 1. Amphoridea. 

„ 2. Rhombifera. 

„ 3. Aporita. 

„ 4. Diploporita. 

Pelmatozoa in which radial polymeric symmetry of the theca 
is developed either not at all or not in complete correlation with 
the radial symmetry of the ambulacra (such as obtains in Blastoidea 
and Crinoidea); in which extensions of the fotxl-grooves are 
exothecal or epithecal or both combined, but neither endothecal 
nor pierced by podia (as in Edrioasteroidea). 

The earlier and more primitive Cystidea represent the pelma- 
tozoic stage through which the Echinoderm race passed, on its 
way from the Dipleurula to the various classes. They shed light 
not only on the origin of those classes, but on the still more 
ancient ancestor of the Phylum. The remarkable adaptability of 
the Echinoderm typo, the mode of origin of many organs, and the 



40 


THE CYSTIDEA 


biological phenomena of homoplasy and convergence, can also be 
studied in this class. 

The Cystidea were first separated from other Echinoderms, 
under that name, by L. v. Buch in 1844 and 1845. His definition 
laid stress on the fixed condition, the irregularity of the thecal 
plates, and the absence of arms like those of Crinoidea. Sub¬ 
sequent discoveries of stemless cystids, of cystids with rjidial 
symmetry in the theca, and of arm-like structures in most cystids, 
have made the letter of this definition untenable; but its spirit 
holds good. The difficulty that this class has presented to 
systematists is chiefly due to these factors : (1) The rarity and ill- 
preservation of these old Palaeozoic fossils; (2) the ancestral 
nature of the group and the consequent existence of links between 
it and other groups; (3) the wrongful ascription to the Cystidea 
of various genera (e.g. PorocrinuSy Stephanocrinus, HypocrinuSy 
Echitweysiis) ; (4) the extraordinary diversity of structure in the 
class, a feature common to most groups at their origin, and pro¬ 
ductive in this case of many lines of development, only a few of 
which have become so severed from the rest as to be regarded as 
independent classes (e.g, Blastoidea and Crinoidea, distinguished 
by all; Edrioasteroidea, distinguished by a few; Anomalocystidae, 
not distinguished, but quite as separate); (5) the rapid develop¬ 
ment of the class, from the exceedingly simple Aristocystis to such 
highly specialised forms as LepadocrinuSy CaryocrinuSy and Mesocystis. 
Hence the diagnosis cannot be elaborate, and must be mainly 
negative. 

Most of the cla>ssifications hitherto proposed have been based 
upon one set of characters; thus ZitteFs (1879) adaptation from 
Johannes Muller (1854) is according to the structure of the thecal 
plates (Aporitidae, Diploporitidae, Khombiferi); Barrande’s 
division (1887), not intended as taxonomic, is according to the 
number of openings in the theca. A far better arrangement is 
that initiated by Pictet (1857), extended by Broun (1859), and 
modified by Dujardin and Hup^ (1862); this, however, is rather 
a key to genera than a classification into orders and families. 
Attempts have also been made (e.g. Forbes, 184« ; and.Neumayr, 
1889) to determine the lines leading from the Cystidea to other 
classes; and on such principles Steinmann (1888) founded his 
classification into Eucystoidea, Cystechinoidea, Cystasteroidea, and 
Cystocrinoidea. A classification on true phylogenetic principles 
was first published by Haeckel (1896), who only failed from want 
of acquaintance with the facts of Cystid structure. The classifi¬ 
cation in this text-book attempts to express the actual lines of 
descent as inferred from an independent study of the fossils. 

The main lines of descent are these. The starting-point is a 
simple, many-plated, sac-like form (e.g. AristocystiSy Fig. II. p. 44), 
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in which neither ciliated food-grooves, though perhaps present, 
nor radial ambulacral vessels, have left any trace on the skeleton, 
in which the porous structure of the stereom is indefinite, and in 
which no stem is differentiated. Modifications of this soon 
a})peared in many directions. In one direction arose an antero¬ 
posterior flattening of the theca and the extension of food-grooves 
along two lateral articulated spines, with a peculiar and character¬ 
istic arrangement of stcrconi; this was accompanied by develop¬ 
ment of a stem (Anomalocystidae, pp. 49, 52, Figs. XI.-XIII.). In 
another direction was an extension of the theca downwards to 
form a stem, and upwards from the mouth to form a single jointed 
])rocess for the supyjort of a ciliated groove (Dendrocystidae, 
j). 47, Fig. IX.). Neither Anomalocystidae nor Dendrocystidae 
proceeded very far, and they may conveniently be grouped with 
Aristocystidae and a few other primitive forms into an order, 
Amphouidea, distinguished from the rest chiefly by absence of 
radial symmetry in food-grooves and ambulacra. 

A very different modification was that which produced a theca 
flattened horizontally, with five ciliated grooves yiassing from the 
mouth between its plates endothecal*’^), and protected by distinct 
covering-plates; ambulacral vessels lay beneath or within the 
grooves, and podia from them passed between the adjacent thecal 
plates. So different is this type from those of other Echinoderma, 
that such forms have here been separated as a class, Edrio- 
ASTEKOIDEA (Chapter XII.). 

Returning to the primitive Am])horidea, we find a difficulty in 
distinguishing some of them from their immediate descendants, 
owing to the very slight traces left on the theca by the originating 
extensions of the food-grooves. Those forms in which such traces 
are perceptible may almost from the outset be grouped under two 
heads. One group includes those in which the grooves wander 
outwards from the mouth over the thecal y)lates, which gradually 
become arranged regularly on either side of the grooves, while still 
further extensions ascend from the “ epithecal ” grooves on small 
“ exothecal ” processes called “ brachioles.” In the other group 
the grooves do not tend so much to stretch over the theca as to be 
raised away from it on relatively larger brachioles, arising in 
the immediate neighbourhood of the mouth. 

At the same time, a difference manifests itself in the structure 
qf the thecal plates. From the indefinite relations of stereom and 
stroma noticed in earlier Amphoridea arise two types of structure 
(Fig. L). The canals traversing the stereom, more or less per¬ 
pendicularly to the thecal surface, either cease to be simple 
(“ haplopores ”) and become connected in pairs (“ diplopores ”) still 
perpendicular to the surface; or they come to lie parallel to the sur¬ 
face and at right angles to the sutures. In the latter case we may 
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suppose that the canals represent stroma strands continuous 
acroM the sutures; those crossing any one suture come to occu^ 
a rhombic area bisected by the suture-line, and, since, in weather^ 
plates, there appear to bo pores at the ends of these canals, we 
areas have been called “ pore-rhombs ” {Poren-rautm, see Fig. XV., 
Eehinosphaeia, and XVI., Orocptis). There also takes place a gradual 



Fiu. 1. 

sutures. All figures enlarged. (1, 2, 8, and 8 after Bairande, 4 and 7 after Rouault.) 


increase in the area, and a decrease in the number, of the th^l 
pla te s relative to the size of the theca; perhaps the folds that 
often radiate from the umbo of each plate are connected with this, 
for they must have strengthened the plates, like the folds in cor¬ 
rugated iron or pasteboard. These folds may coexist with diplo- 
pores or with pore-rhombs; but they are clearly more adapted to 
the latter structure, and often seem to merge with it and accentuate 
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it. Thus is evolved a highly specialised type of stereom-folding 
known as a “ pectini-rhomb.” Now, although it is difficult to 
separate all the forms at the first parting of the ways, it is soon 
seen that diplopores are almost confined to the genera with 
epithecal extensions of the subvective system, while those with only 
exothecal extensions are characterised by pore-rhombs or pectini- 
rhombs. There is therefore justification for the old divisions 
Diplopokita and Rhombifkra, as orders, in a restricted sense. 

The Diploporita (p. 70) show a gradually increasing regularity 
of structure in the food-grooves, and in their relations to the 
theca, leading almost imperceptibly to the Blastoidea. So much 
is this the case that it seems well to separate from the Cystidea 
certain forms in which “the radial polymeric symmetry” is “in 
complete correlation with the radial symmetry of the ambulacra ” 
(see definition, p. 39), and to refer them to the Blastoids as an 
order Protoblastoidea (p. 79). The only alternative is to make 
the Blastoids an order of the Cystidea. 

In many of the Rhombifera (p. 52) a peculiar modification of 
the food-grooves takes place, in that they are continued over the 
theca, not directly on the thecal plates themselves, but by a 
proliferation of plates from the mouth region. The grooves thus 
formed have been termed “ recumbent arms ” or “ pseudambulacra,” 
and are fringed with brachioles. This type of ambulacral structure 
was independently developed in this order more than once; but it 
is most common in the group of genera characterised by pectini- 
rhombs and by pcritamcrism in the theca (family Glyptocystidae, 
p. 58). A group with poie-rhombs highly developed inside the 
theca, and with he.xamerous symmetry, is distinguished as the 
family Caryocrinidac (p. G5). In it the food-grooves tend to be 
enclosed by thecal plates (“ hypothecal ”). 

The orders already mentioned do not include all genera that 
come under the terms of our definition of Cystidea. From early 
forms of Rhombiferi, or perhaps even directly from Amphoridea, 
there arose a small group in which neither diplopores nor pore- 
rhombs were developed, at all events to the same extent, but the 
number of thecal plates was greatly lessened and exothecal 
brachioles were developed. The best known of these is Cryptocrinns 
(p. 69). One might adopt Aporita {sens, sir.) as an ordinal name. 

Order 1 . Amphoridea, Haeckel (1896, pars). 

Primitive Cystidea in which radial symmetry has aftected 
neither food-grooves, nor thecal plates, nor, probably, nerves, 
ambulacral vessels, nor gonads. 

Haeckel included under this name rather more forms than are 
here referred to it, and separated them from the Cystidea as a 
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primitive class of Echinoderma, comparable to the Pentactula 
stage passed through in the development of all their descendants. 
The more characteristic and undoubted Amphoridea, however, 
represent only a stage in the development of the Echinoderm type 
and not a divergence; they are too intimately connected with 
more specialised Cystidea to warrant separation as a class. It 
should also be remembered that, though s\ich a stage as this 
probably was actually passed through, still forms are liable to be 
referred here, owing to our ignorance of their true structure. 


Family 1. Aristocystidae. Amphoridea without extension of food- 
grooves, epithecally, ondothecally, or on exothecal skeletal processes. 
Theca composed of numerous plates without regular arrangement or 
specialised structure. No stem. Genera— Aristocystiii, Barrande (1887), 
Ordovician, Bohemia (Fig. TT.), is in many respects the simplest Echino- 



derm known. The ovoid 
thecix is composed of 150- 
200 plates, of no definite 
shape or arrangement, but 
with a tendency in the nar¬ 
rower, aboral half of the 
theca to form transverse rows 
of elongate hexagons. The 
animal usually fixed itself to 
some solid body by a portion 
of the theca at or near the 
lower pole (/>). At the upper 
pole IS the mouth (0), a 
wide slit in the transversal 
plane, w'ith slightly raised 


ArutorygtU hohemiaiH. 1, m«*\\ , 2, oral m»*w, edges. About R third of the 

both k iiat. Hize; 3, Hhowing ot Giistro- way down the thecR is the 

IKxl Rhell, x§. Tlie Ifltj-nrig 18 explanml Ml th»* adiom- , , . , j « 

Ing text. (All adapksl from IJarninUf*.) rouild anal Opening (.d«), 6-8 


mm. in diameter, closed by 
six or seven triangular plates, meeting in the centre, and known as 
“the valvular pyramid.” Between mouth and anus, and usually a 
little to the left, are two smaller openings—a transverse slit (M) 
close to the mouth; and a round pore (G) close to the anus. Of these M 
is regarded by P. H. Carpenter (1891) as the hydrop(jre, and G as the 
gonopore, a view accepted by Haeckel (1896) and adopted here. There is 
no trace of calcified arms or brachioles, whether jointed or solid, nor even 
of epithecal or hypothecal extensions from the hydrocoel ring or from the 
mouth. The hydrophores palmdes described by Barrande, and supposed by 
Neumayr (1889) and P. H. Carpenter (1891) to be subtegniinal ambulacra, 
are really epithecal food-grooves, and have not tteen proved to belong to 
this genus. The plates of the theca are thick, especially at its lower end 
they are said by Barrande to be composed of three layers (Fig. III.): 
(«) outer, thin, smooth, and solid; (m) middle, thick, pierced by irregular 
canals, more or less at right angles to the outer surface; {h) inner, thin, 
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passing up into the suture lines and into the ends of the canals, smooth 
on its inner surface. Doubt has been cast on the existence of these three 
layers, but examination of well-preserved specimens suggests the follow¬ 
ing interpretation:—(?a) is homologous with the “mesostereom” of all 
Echinoderms, its plates were deposited in a stroma of connective tissue, 
and presented not only large meshes, but continuous larger canals for 
the passage of strands of stroma, and perhaps of lacunar blood-vessels : 
the stroma was thus continuous throughout each plate, and strands often 
passed over the outer surface, uniting the larger strands and sometimes 
producing the grooves bent in horst‘-sho(‘, as at 2 m Fig. I.; if) is not 




Fir.. 111. 

Soctiou of trst m in lln» region 

of 11 snliii'* (>>). 8Iio\\h <*i»ist<*reoni (e), nn*so* 
ht4‘ieom (m). and li> iMD^teieom (/i). m is pierceil 
b> h.iplopores whifh an* joinni abo\p at ‘2, 2 
(Original iluigtain, iimmiitird uUmt 10 duim.) 



I n.. \ 
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a truly calcified opistereom, but probably represents a hard epidermis ; 
there is little doubt that some structure did actually cover the outer ends 
of the canals ; (h) represents the inner layer of the integument, which 
towards the margins of each plate was often differentiated into elastic or 
muscular strands, uniting adjacent jdates and giving flexibility to the 
theca; if calcified, this layer would be homologous with the “hypo- 
stereom” of many Crinoids, but, as in the case of (e), there is only 
preserved to us the space which it occupied, filled with subsequent 
infiltration or with iron oxide precipitated during the decomposition of 
the organic matter. The primitive features of AH^tocijatis are then: 
indefinite shapp of theca, indefinite arrangement of plates, undifferentiated 
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structure of stereom, absence of stem and of definite base of attachment, 
absence of arms, absence of ambulacra, a single and independent gonopore 
as in Holotburians. Ccdix^ Rouault (1851*78; syn. Craierina^ Barr, paiv, 
1887), Ordovician, France and Bohemia (Fig. IV.). The theca is a bowl 
or vase of very thick plates, with an oral covering of very thin ones 
rarely preserved. There is usually a marked hollow at the lower end, 



1 2 
Ku;. \l. 

1, Cuhr tHfhnniai, from the sid»*, tounnls the l>iu»e the pores are covert'd by aaiuoothepi* 
dermia. 2, ('. eicamUi, the tegmeii. Both nat. sue. (Alter Barrande.) 


but U, Sedgunckiy Rouault’s type-species, has a short, stem-like promi¬ 
nence (S^). The canals in the plates tend to deliniteness of arrangement, 
especially at the lower end, where they seem to radiate from the hollow. 
The connection of the canals at their outer ends, to form pairs, is often 
marked (Fig. V.). All these characters are exaggerations of some already 
note<I in Aristocystis, The tenuity of tlu* upper surface, and its conse- 
(|uent disappearance in most specimens, have 



permitted the recognition of only one aperture, 
wliich is pentagonal, and probably represents the 
anal pyramid (Fig. VI. 2). Specimens with kydrth 
phf/res palmten have been relerred to tliis genus, 
but belong to (p. 73) Diploporita. Pilocyttu^ 
Lapillocystis, and AcayitliocyMis^ Cambrian, and 
Baculocystis^ Ordovician, Bohemia, all described 
by Barrande, are probably referable to this order 
if not to this family. Lodandla^ Kayser (1885), 
Ifowest Devonian, Germany, though called a 
sponge, is very like Galix, Jfeutocystis^ Barr. 
(1887), Ordovician, Bohemia (Fig. VIL), is dis¬ 
tinguished from Arigtocystis by the greater irregu¬ 
larity in size of the thecal plates (comparable to 


Fio. VII. arrangement of plates in the carapace of some 


DfuiocyitumodeMi^Uj^r^toT^ edentates, Glyptodontidae), and by ^e 

4m the evidence of Barrande, absence of an independent gonopore, this having 
II. 8. Lettering nn in either with the anus or with the hydropore. 

There are signs of fixation by the aboral end of 


the theca (B), where the plates are larger and tend to lie in rows. The 
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mouth (0) is surrounded by five large plates, forming a slight projection, 
somewhat eccentric. The anal pyramid {As) has five plates. The hydro¬ 
pore (M), a little to the right of the line joining mouth and anus, was 
covered by a small pyramid of three plates, the impressions of which 
on the internal cast (the only part preserved) have been regarded as three 
openings. The canals in the thecal plates are more numerous near their 
margins. Certain species, in which the plates seem more rounded, not 
closely apposed, and perhaps without canals, in which the anal pyramid 
had four plates, and in which the hydropore was not tripartite {i.e. had no 
valvular plates), have been separated by Haeckel (1896) as a genus, Amphora- 
cystis. Pirocystis, Barrande (1887), Ordovician, 

Bohemia (Fig. VIII.), had a pear-shaped theca trun¬ 
cate below tor fixation (8<), but still without true 
stem. The anal pyramid had six plates (i4s); other¬ 
wise it was much like DeiUocystis. The regularity 
of the adoral plates in these two genera suggests 
that they may eventually prove to be early forms of 
Diploporita or Rhombifera. 

The Lower Niagara rocks (Silurian) of Indiana 
and neighbouring states have yielded numerous forms 
resembling Aristocysiis in external appearance and 
structure of theca, but with an ambulacral system 
apparently presenting three grades of organisation. Fio. viii. 

They have all been described under the generic Pxroc}/stis p%rum, re¬ 
name Holocystiies or Holoofstis, a name previously 
given to a coral, and therefore bound to yield to the Lettering as in 

alternative Meyacystis, Hall (1864-65). Some of the 
so-called species described by Hall and S. A. Miller seem to agree with 
Arutocysiis in the entire absence of arms and food-grooves, in the similar 
position and structure of mouth (“ambulacral orifice,” S. A. 3^1.), and anus 
(“mouth,” S. A. M.), while a hydropore (“anus,” S. A. M.) is often ob¬ 
servable, and occasionally a fourth opening (? gonopore); the positions 
of the two latter are at varying distances between mouth and anus. 
Miller has described other species with similar structure, but with four 
or five of the plates surrounding the mouth raised into elliptical facets, 
apparently for the support of spines like those of Placocystis (p. 51); 
no groove connects these facets with the mouth, although in some species 
the mouth assumes a tetragonal or pentagonal outline, with angles 
directed towards these facets. The third and higher stage of organisa¬ 
tion, possibly developed from this one, is seen in Holocystiies gyrimuy 
Miller and Gurley (1894), and must be referred to the Sphaeronidae 
(seep. 72). 

Family 2. Dendroctstidak. Amphoridea with a single oral skeletal 
process, theca composed of numerous irregular plates, extending below 
gradually into a stem. The single genus, Dendroajstisy Barrande (1887), 
Ordovician, Bohemia and Russia (Fig. IX.), has a theca in shape and 
intimate structure not far removed from that of Aristocystidae ; of ecpial 
thinness all over, its plates irregularly polygonal, and their strands of 
inesoetroma not so well-defined. The following differences are of great 
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importance:—^The theca suddenly thins below to about one-third its 
width, forming a tubular extension (/S7), the walls of which contain 
numerous small plates, which gradually become 
larger and moi*e definite in arrangement, and 
merge into a tube with a narrow lumen en¬ 
closed by comparatively large solid plates. Com¬ 
parison with more highly developed genera 
shows that this extension is a stem {columna)^ 
and its presence indicates a more fixed habit 
than was, perhaps, assumed by Aristocystidae. 
Further influence of fixation is clear in the de¬ 
velopment at the opposite pole of the theca 
of a movable, jointed tube (i/r), composed of 
four or five rows of small plates, wider than 
high, and often alternating ; this tube tapers to 
a rounded end, in which no opening is per- 
I ceptible; neither are there openings between 
) its plates; the plates may, however, have 
opened along one of the vertical lines, thus 
converting the tube into a groove, exactly as 
figured in Fig. 5 of Barrande’s Plate XXVI. (see 
Fig. IX.). This organ was regarded by Barrande 
and Trautschold as a tubus veutralis for genital 
(not faecal) jmxlucts ; by Neumayr (1889) as 
an arm, with a double row of ambulacral pores ; 
by Haeckel (a 396) as an oral proboscis, or 
possibly the stem. It is here regarded as an 
extension from the mouth, bearing a ciliated 
food-groove that could be closed by jdates, and 
perhaps also an extension from the water-ring. 
Other thecal openings are doubtful; an anal 
pyramid may have existed in the lower third 
of the theca (i4s), but Barrande’s figures and 
descriptions are inconsistent; hydropore and 
gonopore quite unknown. Folds or ridges 
radiate from the centre to the edges of each 
thecal plate; besides strengthening the plates, 
these folds, like similar ones in later stalked 
forms, may indicate the concentration of a 
^ 1 nervous layer in the integument into definite 

stored on the evidence of tracts (axial nerves) putting the stem, thecal 

food-grooves into con- 
nection. Ctyara^ Barrande (1887), resembles 
the stem of Dendrocystis, and suggests its occurrence in the Cambrian. 
Syringocrinus paradoa^ E. Billings (1859), is the same thing from Quebec. 

Family 3. Eoctstidae. Established to include certain obscure forms 
from the Lower and Middle Cambrian of Great Britain and North America. 
Eocystis, Billings (1868), and Protocystis, Hicks (187 2, see also Salter, 1873), 
have never been properly described or figured; but since they cannot 
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well be distinguished from Eocystites (?) lonyidaciyltLS, Walcott (1886), that 
species must be taken as the example of the family (Fig. X.). Thecal 
plates numerous, irregular, “ varying in form, size, and surface characters 
on the same body.” The two important points are : the varying develop¬ 
ment of radiating stercom-folds on some of the plates; the presence around 
the mouth of not less than ten biserial brachioles, with long covering- 
plates (“ short pinnulae,” Walcott). This type, therefore, is intermediate 
between Amphoridea and Rhombifera, and its occurrence at so low a 
horizon is fortunate for tlie phylogeiiist. This family Eocystidae in no 
way corrtisponds to Haeckel’s Eocystida, which, like his Eocy&lis^ is a 
purely inuiginary creation of no systematic validity. 

Family 4. Anomalocystidak. Theca compressed in the plane of the 
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Kocifittuf hngidortiihis 1, jKirtion of test much enlarged, showing \anation in size, outline, 
and markings of plates, some of which have ai>{>arent iiores at their eilges; 2, upper part of 
a specinieii without t<*«t, showing portions of orachioles and impressions of covenng-plates. 
With kind iHiriiiission of Dr C l>. Walcott. 

thecal apertures, one side tending to be convex, the other concave. 
Plates of the t>vo sides enclosed by a common frame of marginals. Plates 
of concave side tend to be fewer and more regular than those of convex, 
but never achieve bilateral symmetry as do the latter. Tapering stem of 
polymeric columnals at one end of theca; at the opposite end are the 
apertures, with function still uncertain. In some genera, spines (“arms” 
of most writers) are know'n, one at each upper angle of the theca. Orna¬ 
ment of granules, which on the theca tend to run in transverse, wavy, 
sub-parallel lines, simulating the scale-markings of some Crustacea. No 
pores. J. Walther (1886) and Haeckel (1896) have considered the bilateral 
symmetry priuiitive, and homologous Yvith that of the Dipleurula ; 
but M. Neumayr (1889) maintained that the syiiimetry of the two was 
different. The evidence suggests that the evolution was temards greater 
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Trodutcysti bohemicus. IfJ- 
stored on the evidence of Bar- 


bilateral ^Bymmetry, and therefore started fr<nn the usual sack-like fonn. 
Genera— Trorhocystis, Barrande (1859-87 ; syn. Tfigorwcystis^ HaeckelX 
Cambrian, Bohemia, France, Spain (Fig. XL), is 
the most primitive ; its theca is bounded by 
twelve stout maiginals (mm), conspicuous on one 
side more than on the other, and forming a 
circular, elliptical, or subtriangular frame ; the 
enclosed space on either side is occupied by a 
mosaic of 80-160 somatic plates, hexagonal 
except where truncated by the marginals. At 
the oral end of the frame three openings, nearly 
in the broad median plane, pass from the thecal 
cavity through or Ixitween the marginals to the 
exterior; the middle opening (? hydropore and 
gonopore) is widest, and is protected by a 
hood-like projecting plate (Af), (1 madreporite); 
of the other two openings, one (0) in the broad 
plane is the wider (1 mouth), the other (A«) 
slightly out of that plane is smaller (? anus); 
they appear to be connected by a canal (? for 
reception of gut) running round the thecal 
cavity on the inside of the marginals. At the 
aboral end of the frame the marginals pass 
on'Kuh^ofuf.'flgSlS into a tapering etem (St) of subtri- 

18 removed showing the interior, angular section, composed of rows (3 or 6 ?) 
ITie arrows show the supposed - i .. i . 

direction of the gut. The letters of alternating ossicles, its luiiien communi- 
are^explalned in the adjoining mating with the thecal cavity. Trochocystis 
may be regarded as a differentiation from 
such a form as Aridocystis by lateral compression, so that its broad 
median plane is morphologically the 
sagittal, and the hat sid^s are the 
primitive right and left, the pro¬ 
jecting plate Af being on the left side. 

MitrocystiSf Barrande (1887), Cam¬ 
brian and Ordovician (Fig. XII.), 
has twelve marginals (mm), but on 
the (left T) side that corresponds with 
the convex side of later forms, the 
junction of the stem with the somatic 
plates lies between two of them ; 
while the median adoral plate of 
this side (Af) is vertically grooved on 
the interior, but exteriorly resembles 
the somatic plates, which on this 
side, though larger and fewer (50-60) xii. 

than in TrochocyHiSj still form a 

mosaic of hexagons ; two, adjoining of upper part of the latUr, showing the folded 
the etem, are larger then the other*. (AfffB.rm.do.) 

On the other ride, which corresponds with the concave tide of later forms, 
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the marginals have extended far over the area formerly occupied by somatic 
plates, and these latter number from three to six, one of which is much the 
largest and of irregular shape. Openings other than the median not distinct. 
Stem of about four alternating rows of plates, often provided with thorn-like 
processes, and each overlapping its distal neighbour ; total length about 
equal to that of the theca, the proximal third with a wide lumen. No 
other appendages observed. Atelecystis {A. Huxleyi), Billings (1858), is 
imperfectly known ; Anoirudocydis cornutus^ Hall (1859), may be con¬ 
generic, as usually supposed ; but A. disparilitt, Hall, probably belongs to 
Pldcocystis infra). All the species described by Barrande (1887) as 
Anmimhcydia are doubtful. The specimens described by Meek (1873) 
and VVetherby (1879) are separable generically umler the latter’s name, 
Enojjlotcra ; the hjiecies are E. tHilanoidea^ Meek sp., and K. crudacea^ 
Haeckel sp.^ In all these one traces the gradual diminution in number of 
plates, especially of somatic plates, and the evolution of the gianulai 
ornament into wavy ridges. Some of these also show tiaces of adoral 
spines. Belemnocydis is placed in this family by Miller and Gurley (1894), 
probably with justice, though its exact affinities are obscure. Platycystis^ 
S. A. Miller (1889), is based on a worn Anomalocystid of indeterminable 
affinities. Pldcoajstisy de Koninck (1869), from the English Wenlock beds 
of Silurian age (Fig. XIII.), is the most specialised form of this family. It 
was ledescribed by H. Woodward 
(1880); since then fresh know- 
leilge has been gained. On either 
side of the concave face (Fig. 

XIIT. 1) are three marginals 
(inm) which pass over on to the 
convex side; at the coluinnal end 
are two marginals, at the oral 
end are three, and none of these 
five continue on to the convex 
side, although corre-'^ponding 
plates occur there. The median 
adoral marginal of the convex 
side (Fig. XIII. 2) is the jdate 
M; its free edge is occasionally 
denticulate (cf. ridgings in Mitro- 
cystis). The somatic plates of 
the concave side are one large 
central, and one small at its 
left upper corner ; those of the 
convex side are eleven, viz. two ad-coluinnal, as in Mitrocydis, suppoiiing 
one median which does not touch the column as it does in Eno^douni; 
a transverse row of five, the median of which is small and often quite 
surrounded by its two neighbours (it is not an anal structure, as supposed); 
a row of three adjoining the adoral marginals. Stem much as in Mitro- 
cyntis. The three marginals that meet at each adoral angle of the theca 
(Fig. XIII. 3) form an articular surface (Br) for the support of a spine 

* This name must Ihj restricted to Wetherby’s Fig. 1, rf, c, /, and I g. 
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Fio. xm. 


Forhcsuinus 1, concn\t> or *inp]X)se<l 
right Hide; 2, com ex or supposed It fl sid*-, 3 up|x'i 
margin, showinn attachment for spim* at Ur'. 
(1, r»*coiistriiete<i from various imciis in Untisli 
Museum ; 2, fnuii lint Miis , E7Mr», enlargod ; 3, 
from tiie t>i>e'Specimen, Brit. Mus., E7r>Sh.) 
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(Br) which may attain 2/3 the length of the theca, without signs of a 
joint The spine is subcircular in section, and has no groove and no 
accessory plates ; none the less it may have served as an arm, i.e. as the 
bearer of a tentaculate extension of the water-system, and of a ciliated 
path to the mouth. The mouth, anus, and hydropore were probably 
situated in the integument uniting the two sides of the thecal opening 
that seems to stretch between the spines. Haeckel (1896) supposes that 
the Ajnis-fovm of the Anomalocystidae was correlated with locomotion, 
and that the stem was a locomotor organ—a suggestion by no means far¬ 
fetched ; but his statement that the anus was ad-columnal must have 
been based on Pleurocystis (p. 64), which, though belonging to a different 
order, simulates Placocystis in many features. 

Order 2. Rhombifera, Zittel (1879, emend.) 

Cystidea in which radial symmetry affects the food-grooves, 
and, in the more advanced families, the thecal plates; probably also 
the nerves and ambulacral vessels, but not the gonads. The food- 
grooves are exothecal, i.e. are stretched out from the theca on jointed 
skeletal processes (brachioles). These either are close to the mouth 
or are removed from it upon a series of ambulacral or subambulacral 
plates not derived immediately from thecal plates, or are separated 
from the oral centre by hypothecal passages passing beneath teg- 
minal plates. The stereom and stroma become arranged in folds and 
strands at right angles to the sutures of the thecal plates ; in higher 
forms the stereom-folds are in part specialised as pectini-rhombs. 

The chief reason for the establishment of this order is the 
recognition of a distinct lino of development in the skeletal 
structures bearing food-grooves. That this represents a true phylo¬ 
genetic series is confirmed by the structure of the tost, although 
there may be some indefiniteness in this respect shown by the 
earlier genera. The difficulty of classifying forms at the parting of 
the ways is not one to be lessened by advance of knowledge. We 
note also the gradual decrease in number of thecal plates, their 
increasing subjection to a radial symmetry, and greater develop¬ 
ment of a stem. Hence, as is to be expected in a natural classifica¬ 
tion, there is a far greater difference apparent between extremes 
in the same series, say, the Callocystinae and the Echinosphaeridae, 
than between the latter and the Diploporite family Sphaeronidae, 
which constitute initial forms of different series. The radial 
symmetry or actinism of the order is trimerous, pentamerous, or 
hexamerous, but may undergo secondary modification through 
atrophy of a ray (e.g. ComarocysiiSy Lepadocrinus). 

Fahily 1. EchinospRaeridae. Rhombifera in which the thecal plates 
are numerous and indefinitely arranged. So-called pore-rhombs are de¬ 
veloped, but no pectini-rhombs. Brachioles coufined to neighbourhood 
of mouth, unbranched. Stem, when present, not composed of a single series 
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of columnals. This family includes some of the Cystidea earliest 
studied. Echinon'phaera and Sphaeronis (p. 71) are found in the rocks 
around the Baltic as round balls filled with radiating crystals of calcite. 
Hence they were known to the older Scandinavian naturalists as “crystal 
apples,” and were, as such, included by Linnaeus in his Mineral Kingdom, 
under the name Aetites, T.heir animal nature was first demonstrated 
by the youthful Gyllenhal (1772) in an admirable paper. He further 
recognised, not merely their echinoderm affinities, but also that essential 
difference between the tests of the two forms which was emphasised by 
Job. Muller eighty-two years later, served as the basis of Zittel’s classifica¬ 
tion, and is still regarded as an ordinal character. So little were these 
forms understood that Konig (1825) placed Echinosphaera aurantium near 
the Ascidian, Ihlienia^ under the name Lfiicophihalmus Htrarujumjd ; while 
in 1845 M‘Coy compared a Sphaeronis to the Ascidian, Chelyosoma. These 



Fn.. XIV. 

Kchimsphatra aurantnivi, Vol- 

l>orth. Tlie letU'nn^ is e\plttino<i m the 
adjoining text. Nat. size. 



Fio. XV. 


Peristoinial areas of EchinoifphMrn 
atirantium, showing vanation in origin of 
bmchiolea (Br). (After Volborth.) En¬ 
larged. 


comparisons, though based on superficial similarity, without bearing on the 
supposed relationship between Echinodernia and Enteropneusta, have again 
been brought forward by Haeckel (1896). Genera— Echinosphaera^ Wahlen- 
berg(1818 ; synn. Crystallocystis, Citroajstis, Trijiemacystis, Haeckel), Ordo¬ 
vician, Europe, type Echimis aurantium, Gyll. (Fig. XIV.). The smooth, 
spheroidal theca is composed of some hundreds of irregular plates, mostly 
hexagonal. At the aboral pole the plates, arranged in one or two fairly 
regular circlets, form a slight projection (St), by which probably the theca 
was attached, but there was no definite stem. At the oral pole is another 
projection (0), very variable in size and shape ; this, as shown by Volborth 
(1846), supports arms. From the figures published by Volborth (1846), 
Muller (1854), Quenstedt (1876), Angelin (1878), and Haeckel (1896), it 
appears that the plates forming the oral projection, as well as the arms them¬ 
selves, vary in number and position (Fig. XV.). The primitive number of 
arms appears to be three, one anterior, t.c. opposite the anus, and two 
lateral. The two lateral may fork, thus producing five branches in all 
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(cf. p. 11). In eitlier of these cases the anterior arm may diminish in size 
cind finally disappear, leaving either two lateral, or two antero-lateral + two 
postero-lateral = four branches in all. The length of the arms and their 
subsequent branching, if any, are unknown. The portions preserved are 
formed of series of brachials, bearing on their adoral (upper) surfaces a 
groove leading to the central mouth, and roofed by small covering-plates. 
The anus (^4^), with its pyramid of four to ten plates, lies 1/3 or 1/4 of the 
way down the theca. Between anus and mouth, to the right, is the hydro- 
I>ore (M), The plates of the theca were united by strands of mesostroma as 
in the next genus. ArachnocystiSf Neumayr (1889), of Ordovician age, 
has for type the EchinospJuiente.^ iiifaustm of Barrande (1887). The 
pear-shaped theca is composed of 200-800 plates of irregular shape and 
arrangement, mostly small, but with a few larger plates interspersed. At 
the narrower end of the theca is a stem, about 40 mm. long, composed 
of five (?) alternating rows of hexagonal plates. At the opposite pole lies 
the mouth, on a slight elevation of larger, irregular plates {not five orals 
as sometimes stated). From these are given otf three arm®, composed of 
two alternating rows of j)lates (biserial), and with a ventral groove roofed 
by small covering-plates ; they may reach 100 mm. in length. About a 
third of the way down the theca is the large anal opening, closed by a 
pyramid of five plates. The hydropore has not been observed. The 
structure of the thecal plates is clearly shown in the Bohemian fossils : 
between the thin non-porous epistereom and hypostereom lies the meso- 
stcreom, penetrated by canals left by the strands of mesostroma that ran 
at right angles across the sutures and united the jilates. A trace of the 
original path of these strands, as seen in Aristocystis^ remains in the form 

of canals passing down to the hypostereom, 
one at the ad-central end of each transverse 
canal, and one on either vside the suture. 
The centre of each plate is solid, and often 
raised in an umbo j by ideal lines drawn 
from the umho to the angles of each plate, 
the canals are grouped in triangles, and 
the adjacent triangles of two neighbouring 
l)late.s form a “ pore-rhomb.” Pnlaeocyfttis, 
Billings (1858;, Ordovician, Canada, has 
thecal plates ot similar structure. Orocystis, 
Barrande (1887), Ordovician, Bohemia 
(Fig. XVI.), has an oviform theca, with n 
small hexagonal stem (St) of unknown 
length, and near the other pole three 
eccentric openings: 0 generally, and 

probably with right, regarded as the 

(jrijcy^tis iirivihncUri, reMtomi oit mouth; Ah the aniis ; M the hydropore, 
the evidenre of Uarraiide'H llgureH and rni i i a i i -xu x 

descriptions. 4 he thecal plates are marked with strong 

axial folds, parallel with which are smaller 
ridges, all at light angles to the sutures. The folds are probably the 
superficial indications of axial nerves, and it is noteworthy that strongly 
marked folds radiate from the six angles of the stem, and that six 
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similar folds lead to the oral aperture (possibly conveying nerves to 
six brachioles). The minor ridges are the superficial indications of strands 
of mesostroma, uniting plate to plate across the sutures, and emerging on 
the inner surface in rows of apparent pores. Heliocrinus, Eichw. (1840 ; 
syn. Heliocygtis^ Haeck.), Ordovician, Europe, has for type Echmosphaerites 
halticusy and therefore includes numerous species of similar structure, 
usually referred to Caryocystis. It differs from Echinospliaera in the more 
pronouncedly pentagonal, though minute stem, and in the greater orna¬ 
mentation of the cup by axial folds and ridges. St^chocystis^ Jaekel (1899), 
has apparent pores in tlie ridges. Caryocystis was. founded by von 
Buch (1844 and 1845) to receive Echinosphaera granatum^ Wahlenberp 
(Spluieronites testudinariiiSy Hisinger, 7wn Auctt.\ and another species which 
von Buch and all subsequent authors have 
incorrectly supposed to be S. tMtvdiminus^ 

Hisinger. Eichwald (1859), aware that C. 
granatum belonged to his own Heliocrinus, justly 
took as the type the second species mentioned by 
von Buch, adding to it C. an Echino- 

encrinid. The type of the genus is therefore 
the species univerj^ally and erroneously known as 
0. teatiuiiiiariuSy which name yields to C. Ai\- 
geliniy Haeckel (Fig. XVI1.). AmorplwcysHt^^ 

Jaekel in Koken (1896), is a simple synonym. 

Caryocystis differs from Heliorrinm in the elon¬ 
gation of the oral and aboral poles, and the 
elongation of the mouth in the sagittal plane. 

At each end of the mouth-slit, Angelin’.s figure 
(1878 ; our Fig. XVII.) shows tw’o facets for 
brachioles {Hr) ; it also seems to show two 
openings (hydropore, AT, and gonopore ?, G) 
between mouth and anus. 

Family 2 . Comarocystidak. Rhombifera in 
which thecal plates are numerous and inde¬ 
finitely arranged. Radial structure of stereom 
strongly marked, but no definite pore-rhombs or 
pectinirhornhs. Food-grooves on free exothecal 
brachioliferous processes. Columnals in a single 
series. Genera— Comarocystis, Billings (1854), 

Ordovician, Canada. Theca ovate, may he over 
7 cm. high, composed of about 150 mostly 
hexagonal plates, with strongly marked radial 
striation of the stereom, especially towards the 
margins, which are raised above the umbones 
of the plates. Mouth-slit transverse, with a 
pair of uniserial brachioliferous arms at either end. Theca flattened 
in mouth-plane. Anus below arms on right side. Hydropore above level 
of anus, near the posterior margin of the mouth. Stem longer than 
theca ; columnals low, circular, with moderately wide lumen. Achradocystis^ 
Volborth (1870), Ordovician, Russia, appears to have an anal pyramid of 



Carjfocyiftii Atiael^ni (C. 
dinarivs, Auctt.> (After An¬ 
gelin.) X $. 
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seven plates, and a very highly developed stem. Thecal plates have 
strong radiating ridges, marginal concentric ridges, and suture margins 
toothed on the inside in correspondence with the ridges. Since this struc¬ 
ture is not unlike that in Comarovybiis^ the genus is provisionally placed here. 

Family #3. Macrocystellidae. Rhombifera in which the theca 
consists of three or four circlets of plates, subjected to a more or less 
regular pentamerism. The stereom is strongly radiately ridged or folded, 
but no so-called “pores” or pectinirhombs are developed. Brachioles 
are borne by the upper circlet of plates, and within these there may have 
been tegminal plates over the mouth. There is perhaps no intimate 
connection between the two genera referred to this family. But they 
are both Cambrian, and show an early development of that tendency to 
reduce the number of plates, which eventually evolved the Glypto- 
cystidae from a different branch of the Rhombiferi. The Macrocystellidae 
were probably derived from Eucystidae without passing through ai. 

Echinosphaerid stage. Genera— Macrocystella^ Calla¬ 
way (1877), Up]>er Cambrian, Shropshire. Theca 
seen from the side (Fig. XVIIT. 1) shows four circlets 
of plates, apparently live in each circlet. Those of 
the aboral circlet are low and pentagonal; those of 
the second and third circlets hexagonal and rela¬ 
tively large ; those of the fourth circlet about half 
the size of those in the third, sub-pentagonal, and 
each bears a brachiole. These almost immediately 
bifurcate, making ten branches in all, about as long 
as the theca is high, and apparently biserial; covering- 
plates are distinct. There were probably tegminal 
plates above the origins of the brachioles. Thecal 
plates strongly marked with radiating folds, which 
divide the surface into triangles ; between tiiem are 
smaller folds. No fine rhomb structure is seen. 
Anus unknown. Stem rapidly tapering, about half 
as long again as total length of crown ; proximal 
columnals low and imbricating, with very wide 
lumen; distal columnals long and narrow. Mimo- 
cystisy Barr. (1887), Ordovician, Bohemia, does not, so 
far as can be gathered from the published description, 
<liffer from Macrocystelki in any essential. TAcherimdeSy 
Barr. (1846, 1887; Pompeckj, 1896; syn. Licheno- 
cyfAiSy Haeckel), Cambrian, Bohemia and Bavaria. 
Theca composed of rounded plates of very different 
sizes, but semi-iegular in arrangement. At the base 
are five to twelve minute plates, indicating absence of 
stem and probably of fixation, at all events in adult. 
Above those is a circlet of five irregularly pentagonal 
large plates. Resting on, and to a certain extent 
alternating with these, are six or seven plates of similar size. A circlet 
of smaller plates, alternating with the last mentioned, forms the summit, 
and bears about eight biserial unbranched brachioles. No anus observed. 



I 


Fio. XVIII. 

Macroi:ystella Mariae. 
1, from side (recon¬ 
structed! froia Brit. 
Mils., E7523 and E7.'i24), 
X I; 2-4, portion of a 
brachiole, x S, from 
Ride, dorsal, and ventral 
Murfaces; 5, single iilate 
of a larce specimen (Brit 
Mus., E7.')28), nat. size. 
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All plates except the minute ones at the base were united by strong 
stroma-strands across their sutures, and these form pore-rhombs. 

Famh.y 4. Tiaracrinidae. Rhombifera in which the plates forming 
the hides of the theca are arranged in not more than two circlets, and the 
plates of each circlet are transver«;ely united hy strongly marked pore- 
rhombs. The genera, though clearly separatetl as offshoots from the 
Rhombifera, do not form a very coher<*rit group, and need careful description 
by a well-informed worker. Schultze (1867, Syn. Sfaurosoma^ 

Barrande, 1887), Devonian, Eifel, and Bohemia. Theca cup-shaped or a 
truncate Ri)lioroid, the sides composed of four large, interradially situated 
plates, one of which is (? only in some cases) horizontally bisected. These 
plates are united by strongly marked stereom-folds, raised above the 
surface, and forming demi-rhomb'^. The composition of the oral surface is 
unknown, but there seems to have been a central mouth, with food-grooves 
radiating from it towards the margin, wdiere brachioles probably arose. 
An anus seems to have pierced the margin at the summit of one of the 
triangular side-jdates. Stem-facet four-sided, with angles radial; lumen 
small. lUumlnferay liiirrande (1867 and 1887), Ordovician, Bohemia. 
Theca elongate, triangular in section ; a])pear8 composed of two circlets—a 
lower, of three plates united by strong stereoni-folds, visible exteriorly only 
as terminal pores outlining pore-rhombs ” ; an upper, of six (?) plates, of 
which three pairs are united by pore-rhombs, similar to those of the 
lower circlet, and vertically above, not alternating with them. Oral 
region unknown. Aboral region passes gradually, by smaller plates, into 
a cylindrical stem. The structure of the pore-rhombs and the trimerous 


symmetry suggest comparison with Caryocrinidae. Rhomhifira miray 


Barr., is usually considered to lx; a 
Stephixnocrinus, Aethocystisj S. A. Miller 
(1892), Silurian, Indiana, may be placed 
here provisionally. 

Family 5. Malocystidae. Rhombi¬ 
fera in which thecal plates are numerous 
and indefinitely arranged. Radial folds 
of stereom often pronounced, but minor 
rhomb-like striae not clearly seen. Fot>d- 
grooves on exothecal processes passing 
over the theca and bearing brachioles. 
Columnals (when known) in a single 
series. This Ordovician family shows 
the independent evolution of a structure 



common in a later family, Glyptocystidaey 


viz. the extension from the mouth over Pio. xix. 


the theca of series of alternating plates, Aviygiiaioqtatisjiortalig. i,fromsi(i«: 
supporting n single series of brochioles. 

The alternating series is not so com- Home brachloleH; Br', facet for attach- 
plicated as in Qlyptocystidae, and the 
food-groove passes, not on the top of it, 

but along its sides. The main grooves appear in all cases to be reduced 
to two; but these may branch and wind round the theca as in the later 
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form, Sphaeroeystis (p. 63), or may remain simple, and stretch in the 
transversal plane. Genera— Malocysiu, Billings (1858), Chazy Lime¬ 
stone, Canada. Theca globular. In the type-species the grooves branch. 
Amygdalocystisy Billings (1854), Trenton Limestone, Canada. Theca 
(Fig. XIX.) flattened in plane of food-grooves, and elongate. Grooves 
never branched. 

Family 6. Glyptocystidae. Rhombifera with stem, theca, and 
brachioles. The theca composed of five circlets of alternating plates, 
typically five in each circlet In first (aboral) circlet, right posterior 
(r. post) plate is always fused with right antero-lateral (r. ant.) plate. 
Anus, with valvular pyramid, between second and third circlets, in right 
posterior interradius (r. post IR). Hydropore in adoral circlet, always 
opposite unpaired arm-groove, and thus defining posterior interradius 
(post. IR). The trans-sutural foldings of the stereom (pore-rhombs) are 
restricted in distribution but exaggerated in structure (“ pectinirhombs ”). 



Actual distribution of pore-rhombs explained by supposed course of gut in prniitive 
Glyptocystidae. The plates numbered as in Fig. XXI. 

One of them invariably unites the left posterior plate of the first aboral 
row with the left anterior plate of the second row. Mouth central; from 
it over the theca radiate food-grooves, primitively 6, by reduction 4 or 2 ; 
these are bordered by the plates of the adoral circlet, or by plates 
derived from their proliferation ; and these side-plates liear facets for 
brachioles of biserial structure. Tliis family is perhaps descended from 
primitive Echinosphaeridae, in which a natural tendency to the develop¬ 
ment of five food-grooves (one ant, single; two lateral, paired) was 
accompanied by decrease in number, and increase in size and thickness, 
of the thecal plates, together with their arrangement in five alternating 
circlets of five (as in Mimocystis), The diminution of the thecal cavity, 
we may suppose, pressed the coil of the gut against the body wall; 
thus the respiratory function was hindered in the pore-rhombs along this 
tract, so that they disappeared, while it was thrown more on the remain¬ 
ing pore-rhombs, which became higlily developed (Fig. XX.). The process 
continued till only three pair of intensely folded areas were left, one at 
the base on the side opposite the anus, the others above the anus to 





THE CYSTIDEA 


59 


the right and left of it; from their likeness to combs, these areas are 
called pectinated rhombs, more shortly “ pectinirhombs.” 

We may reconstruct a form like that analysed in Fig. XXL as a type 
(probably ancestral) from which every known genus of this family may 
easily be derived. In this archetype two plates (r. post, and r. ant.) 
of the aboral circlet are fused together, so that the total number is 
twenty-four ; numbers are attached to these in the diagram, after a plan 
originated by Forbes. The following statements may safely be made 
concerning this archetype, those applying equally to the whole family 
being italicised:— 3 is the double plate; a pectinirhomh joins 1 d; 5, 
while other pectinirhombs were probably distributed as in Fig. XX. ; the 
anus is in right posterior IRy between plates 7 and 8, and below 13 ; it is 
protected by a valvular pyramid, surrounded by a ring of smaller plates ; 
20-24 lie between food-grooves, and are therefore interradial; the 



Arrangeinrnt of platos m the suppoM^I archetype of the Gljptocyslidae. The attached 
iiuniluTs are those f,Mvcn by ForlM*8. The lett»*rs at the top, read from left to right, denote : 
left anterior interradius &, railius ; left iKwtenor intenadius A radius ; posterior interraduis ; 
right iKMterior internidms & radius ; right antcnor inteiTadius A radius ; anterior radius. Plate 
28 bears the hydioinire and gono])orH; tlie notches in plates 15 to 19 represent the primitive 
IKWition of ll\e lotxl-grooves ; between 7, S, and 18 lies the anus. Pectmirhoiubs not shown. 


hydropore, defining the posterior interradius, is in 23, and above it is 
a semi-lunar pore of unknown function (genital or excretory); opposite 
these is the unbranched anterior food-groove, passing to plate 15 ; the 
branches of the right groove pass to 18 and 19, those of the left groove 
to 16 and 17 ; at the end of each of the five main grooves is a facet, 
bearing a brachiole composed of tm alternating series of ossicles {^^bisertaV^); 
the food.-grooves of both brachioles awd tegmen are jn'otected by small covering- 
plates; the theca is home on a stem, which at its proximal end has low 
cohmnals ivith a wide lumen^ and 7ehich tapers distally. Modifications of 
this type take place in the following directions:—Enlargement of the 
ring of small plates around the anus, into a region of scaly, flexible 
integument {Cheirocrinusj Olyptocystis^ Pleuronjstis) ; the accentuation of 
the relations of the flve main grooves to plates 15-19, coupled with 
the sinking of those plates betw'een those of the third series {Cheirocrinus, 
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OyHobloiius) ; the extension of the subvective system over the thecal 
plates, by the proliferation from plates 20-24 of alternating series 
of plates, in which every other plate bears a brachiole (Schizocystisj 
OlyptocystiSy LepadocystiSf Gallocysiis^ Sphaerocystisy Lepadocrinus^ Psevdo- 
crinus) ; the atrophy of the anterior groove (partially in Glyptocystis^ more 
so in Prunocystis and Schizocystisy wholly in Lepadocrinusy Sphaerocyatisy 
and Strobilocystis) ; atrophy of two side grooves in addition (SchizocystiSy 
PsendocrinuSy Pleurocystia) ; restriction of pectinirhombs to sutures 
between 1 & 5, 14 & 15, and 12 & 18 (PrunocystiSy Schizocystisy Pmvdo- 
crinusy LepadocrimiSy Callocystis), None of these characters can be taken 
as a basis of classification ; each group so formed would include genera 
very diverse in other respects ; doubtless the same structures liave in 
many cases been independently attained. Happily certain relationships 
seem clear, and round them the genera may be gathered into sub-families. 

Sub- Family 1, Echinoencrininae, passes from the simple form 



Fio. xxn. 
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Fio. XXIII. 

Analysis of Kchinoencrinus, original, after 
specimen E1265 in Bnt. Mns. 


Efkinoeturinus Sencken- 
hergx, after Jaekel. 



Fn. X.XIV. 


Pninocystis Flctchen (fron 
Bnt. Mub., 40207). Rh, 
pectinirhomb. x 4 chain. 


EchimencrinuSy in the direction of extension of two of the lateral grooves 
over the theca, through Prunocystis to Schizocystis; pectinirhombs 1 & 6 and 
14 & 15 always, 12 & 18 frequently present, but no others, except 1 & 6 
in Echinoencrinus, Genera— EchirwencrinuSy H. v. Meyer (1826;synn. 
OcmocrinuSy Eichwald, 1840, and Sycocystisy von Buch, 1845 ; see also 
Volborth, 1842), Ordovician, Russia, differs from the imagined archetype 
in restriction of pectinirhombs to 1 & 5, 1 & 6, and 14 & 15, and 
in apparent bisection of plate 23 (Fig. XXIII.). The main grooves 
may support five brachioles, or only two, or may branch yet more ; in 
any case the facets are always close around the mouth. Anal region often 
prominent (Erinocystisy Jaekel, 1899). The plates usually have strong 
radiating folds, often crossed by finer concentric ridges (Fig. XXII.). 
Here Jaekel (1899) places his Olaphyrocystis and Scoliocystisy Ordovician, 
Russia. Prunocystisy Forbes (1848), Silurian, England, includes P 
Fletcheri and Echinoencrinus haccatusy Forbes (Fig. XXIV.). Theca 
** shaped like the fruit of a dog-rose.” Adoral row of plates increased 
in number. Pectinirhombs on 1 A 5, 14 & 15, and 12 & 18 only 
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Brachiolea clustered round mouth, probably five, slender, and comparatively 
long. Schizocystis, Jaekel (1896), Silurian, England. Type, Echinoencrintu 
armatus, Forbes (Figs. XXV.-XXVII.). Arrangement of plates and rhombs 
as in Prunocysiu; rhomb 12 & 18 sometimes absent. Ant., r. ant., and 
1. post, food-grooves almost or entirely atrophied ; 1. ant. groove extends 
nearly half-way down the theca on to plate 11, is floored with alternating 



XXV. & XXVI. 

Sthuocystis armotua (from 
Brit. Mus., ET/iSO & K7590). 

X ‘i. XXV. from abo>e: 
XXVI. from the utiunal^ 
Bide. anus; Hz', facets ^ 
for brachiolea; /j>, flooring 
platea of s\ib\M)ctive groove ; 
in Fig. .XXVI. the impreaaionH 
of these are seen m the diatiil 
part of the groove; lih, the 
liectinirhoml) of iilates U & 

15 ; i>ait of stem. 



XXVI 



Analysis of tiJiizocystis. Plates 11 a 18 
are notched by the food^^roovea. Plate 23 w 
double, and b^ra hydroiiore and gonopore. 




plates, bears about five brachioles; a similar extension of r. post, 
groove to plate 13 is checked by anus, and bears only three brachioles. 
Sub-Family 2, Callocystinae, starts from a form in which all five sub- 
vective grooves, with the usual flooring plates and brachioles, pass over 
the theca, as in Lepadocystis ; and diverges (a) by suppression ot grooves, 
without branching, into Lepodocrinus and Pseudocrinus; (b) by branching 
of grooves, with subsequent suppression, into Callocystis^ Sphaerocystisy and 
Strohilocystia: pectinirhombs 1 &5, 14 & 15, 12 & 18 probably always 
present. Genera — Lepa- 
docystisy P. H. Carpenter 
(1891 ; syn. Meekocystisy 
Jaekel, 1899), Ordovician, 

Indiana (Fig. XXVIIL). 

Theca ovoid; plates around 
anus slightly altered from 
the archetypal position. 

Pectinirhombs on 1 & 6, 

12 & 18, 14 & 15, and 
10 & 15. Main grooves 
five, stretching a short dis¬ 
tance over theca, one to 
each plate of fourth circlet. 

LepadocrinuSy Mather 
(1843?; Conrad, 1840; Hall, 

Staurocyitis, Haeckel, 1897 ; 



Fio. XXVIII. 


AnalysiB of 
(1871 a 1878). 


lAi^wyatU Mooreiy based on Meek's figures 
Plates 15 to 19 notched by food-grooves; 


lydropore on plate 23. 

1859: synn. ApiocystiSf Forbes, 1848; 

1899; includes 


? Hallicyttisy Jaekel, 
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Pitudacrxnus quadrifoMciatiLs and P. ohlongvs\ Silurian, North America, 
England, Scandinavia (Fig. XXX.). Plates much as in Lepadocystis. 
Pectinirhombs onl & 5, 12 & 18, 14 & 16 only. Main grooves four, 
the anterior being aborted, extend over theca to a degree that differs 
in different species, and is always less in younger stages. Psewlocrimut, 




( 5 ) ^ <1> <x> 


Fig. XXIX. 

Analysis of Fseudocrinus, baae<l on apectmena in 
the Untish Museum, especially 40103. 


Fio. XXX. 

Re-itored Ufiadocnnus quadn/ascmtus. The ann- 
lets of the outer rows are erect; those of the middle 
row depressed. Near the top ot the left-hand quarter 
is the aiiua ; near the top ot the right-hand quarter 
IS a xiectinirhon.b. By pemiis-sion of the Keeper of 
the Geological Dept., British Museum. 



Pearce (1842, redescr. Forbes, 1848), Silurian, England (T'ig. XXIX.). 
Resembles a Lepadocrinus in which all main grooves are aliorted except 
apparently r. post, and 1. ant. The grooves are the same as those of 
S'^hizocystie, but their relation to the thecal plates and anus is as in 
Lepadocrinus. The theca is compressed so as to have two almost Hat 

oval hides, fringed by the 
bracbioles of lliese grooves ; 
one Bide contains the anus 
and pcctinirhomb 14 & 15, 
the other contains pectini¬ 
rhombs 1 & 5, and 12 & 18. 
Callocystis^ Hall (1852, syn. 
Ayithocystis, Haeckel), Silurian, 
North America (Fig. XXXI.). 
Plates 10, 12, and 14 are 
sunk down between 6 and 7, 
Fio. XXXI. 8 anl 9 respectively, so as to 

Anslysii of ./euieni based on HalTH hgureii. rest on 2 and 3; thus there 

appear to be eight plates in 
the second circlet. Contraiiwise, by the vertical elongation of 7 and 8, 
13 is raised between 18 and 19. The remaining plate of the third 
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circlet is reduced in size and sometimes quite atrophied. Pectinirhombs 
on 1 & 5, 12 & 18, 14 & 15, as usual. Main grooves five, pass nearly to 
base of theca; one or more of the grooves may bif^cate once towards 
the distal end. Sphaerocystisj Hall (1859), Silurian, Maryland. Theca 
spheroidal. Main grooves four, each with three to six branches. Plates 
undetermined ; pectinirhombs, anus, and hydropore situated as in Lepado- 
crinxut, StrobilocystiSf White (1876), Devonian, Iowa, resembles Sphaerth 
ajstiSf but the branches have become “small secondary arm-grooves 
extending obliquely downward from each side of the principal grooves.” 
Sub-Family 3 Glyptocystinae. Besides the negative characters of 
irregularity in the shape of the plates and in the distribution of pectini- 
rhombs, the only feature common to the included genera is the evidence 
they offer of descent from a simple form like Cheirocrinm. The number 
of pectinirhombs connects CheirocriyitLs with Cystohlastus and Glyptoajdu; 
the enlargement of the anal area connects it with Glyptocystiaand Plcumcysiu; 
the relation of the third circlet of plates to the fourth is another link with 
Gydoblastm. Genera— CheirocrinuSy Eichwald (1856 and 1859 ; see also 



Analyais of Cluirocrinus j>enniger^ niodifled from Kr. Schmidt. 

Schmidt, 1874, under Glyptoc\jstk\ Ordovician, Russia, and North America. 
The chief departures from the archetypal arrangement of plates are 
correlated with an increase in size of the anal area, which is covered with 
numerous small plates, and surrounded by plates 7, 8, 12, 13, and 14. 
This in C. penniyer, the type-species, induces the vertical fission of 18 
(or intercalation of 18a), and sinking of 12 on to 2; the pushing of 15 
to the right ovt:r 10, cmd sinking of 10 between 9 and 5 on to 4 ; the 
pushing of 17 to the left over 11; the consequent sinking of 16 between 
10 and 11 on to 5. In C, Vollxorthi the plates of the third row are not 
sunk, but raised between those of the fourth row ; this is a change in 
the direction of Oystohlastus, The distribution of the numerous pectini¬ 
rhombs varies with the species, and, to some extent, with the individual; 
those on 1 & 5, 1 & 6, with the demi-rhoiubs 1 & 4, 1 & 2, are constant. 
The arrangement in one specimen of C, penniger is shown in Fig. XXXII. 
Reversions io the older and simpler type of rhomb structure occa¬ 
sionally occur (e.g, 13 & 18a in the figure). The five main grooves 
pass between plates 20-24 to plates 15, 16, 17, 18a, and 19 ; they arc 
rather wide and fringed with short brachiolea The threefold division of 
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plates 20-24 in Q, •pmniger is the first stage in the proliferation of those 
plates to floor the food-grooves ; more advanced stages occur in other 
species, thus leading to Glyptoajstu, Homocystis, Barrande (1877), Ordo¬ 
vician and Silurian, Bohemia, resembles Cheirocrinus in the shape of the 
theca, the number of pectinirhombs, and the position of the anus. The 
mateiial does not permit more precise comparison. GlyptocystUy Billings 
(1854 and 1858), Ordovician, Canada. Theca ovoid (P"ig. XXXIII.). Anal 

area less large than in Clieiro- 
crinus^ enclosed by 8, 13, and 14. 
Plate 16 sunk on to 6, as in C. 
'pemiiyer; thus 11 is pushed to 
the right, and both 11 and 12 
are reduced in size. P<*ctini- 
rhoinbs 1 & 5, 1 & 6, 10 & 14, 
10 & 15, 13 & 17, 15 & 16, 16 
& 17, 17 & 18, 18 & 19 ; demi- 
rhomb 10 & 16 ; imperfect 
rhombs, 7 & 8, 11 & 12, 15 & 
Fig. XXXIII. 19 , Main grooves five, passing 

An^lysia otGlyptoa^ti^imdtx^ from ^y^r the theca, by Way of plates 

15-19 ; all nearly reach the base 
except anterior groove, which is checked by ])ectinirhc)mb 10 & 15. 
The resemblance of the grooves to those of Callocystinae suggests that 
that sub-family was derived from Glyptocystis itself; but this is nega¬ 
tived by the different modification of the thecal plates. Pleuronjdis, 
Billings (1854 and 1858), Ordovician, N. America and Britain (Fig. 
XXXIV.). Anal area so large as to occupy almost all one side of the theca 
with its numerous small plates, the anus being at lower right-band 
comer of the area, which is bordered by plates 3, 2, 7, 12, 13,14, 8. 
Correlated with this is a flattening of the theca in 1. post, and r. 
ant plane, the atrophy of all main grooves except the two in that 
plane, great diminution in size of plates 15-19, as well as 13. Pectini- 
rhombs 1 &5, 11 & 12, 10 & 14; the two latter are analogous 
to, not homogenetic with, pectinirhombs 12 & 18, 14 & 15, in 
Callocystinae, Each main groove ends in a single long and sturdy 
brachiole, of the usual biserial structure, with stout covering-plates. 
The stem is longer than usual in the family. The curious homo¬ 
plastic resemblance to the Anomalocystidae (p. 52) led Haeckel to 
place Pleurocystis in that family, though it differs in every essential 
structure. Cystohlastusy Volborth (1867 and 1870), Ordovician, Russia 
(Fig. XXXV.). Imagine a Cheirocrinus in which plates 10, 11, 12, 
and 14 are still further pushed up between those of the fourth circlet 
than they are in C. Volborthiy in which plate 13 has entirely dis¬ 
appeared so as to compensate for the asymmetry induced by the 
anus; in which the arm-grooves, of the usual structure, are stretched well 
into plates 15-19 and limited to those plates, as in C, sculptus: then you 
will have such a form as Cystohlastus. It need only be added that the 
anus is surrounded by plates 8, 14, and 19 ; and that pectinirhombs 
1 & 5 , and 1 & 6 remain as before, while demi-rhombs unite the plates 
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which now form the third circlet, viz. in order, 14, 15, 10, 16, 11, 17, 
12, 18, 19. The superficial resemblance ot Cifstoblastits to certain 


Blastoids has led most 
writers to imagine a true 
relationship. Tliis involves 
the entire disappearance 
of plates 5>9 ; the homolo* 
gising of the plates here 
called 10, 11, 12, and 14, 
as well as the absent 13, 




with plates 20-24, and the 
conseciuent disappearance 
of plates 10-14 also ; the 
violent supposition that 
the horizontal transverse 




or tangential folds of the 
demi-rhombs in Gystohlastus 
originated the radial or 
vertical folds of the hydro- 
spires in Codaster; as well 
as such minor points as 
the shifting of both anus 
and hydropore, and the 
fusion of two pair of basals, 
neither of them the same 
pair as composes plate 3 of 
CystohlasUiS. 

The structures of the 
subvective grooves in the 
more highly specialised 
genera of this family have 
often been spoken of as 
“recumbent arms.” They 
differ, however, from the 
arms of Crinoidea in origin 
as well as recumbency. From 
the subvective structures of 
Qlyptosphaeridae and Pro- 
toblastoidea, they differ 
in that the brachioliferous 
plates are not thecal plates 
or even intercalated be¬ 
tween such plates, but lie 
outside them and often 
transgress their sutures. 

Family 7. Caryocrin- 
IDAE. Rhombifera in which 




3 


Fio. XXXIV. 

Pleurocystis JUitex- 
tiu. 1, analysis; 2, 
view from aiitanal 
side, restored ftrom 
original observations; 
S, view from anal side, 
after Jaekel. 


the theca is composed primitively of four circlets of plates, comparable to 
the infrabasal (IB), basal (B), radial (R), and deltoid (A) circlets of a crinoid 
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with dicyclic base (p. 99), and dominated by trimerous symmetry. IBB 4, 
the two on either side the anal interradius apparently being produced by 
fusion of two original pairs. BB 6 (ten in Heterocystis), Alternating with 
BB are 6 RR, between which, on the anterior side of the cup, two or three 
interradials (iR) may be developed. (In Heterocystis the iRR also alter¬ 
nate with the BB.) On the interior of all these plates the stereom is 
thrown into strong folds, forming bundles of laminae at right angles to 
the sutures; on the exterior the ends of the folds are marked by pores, 
each surrounded as a rule by a raised rim, and sometimes broken up into 
two or more smaller pores. Since the laminae correspond in position and 



4 

Fio. XXXV. 


CytU^lasUis Leuchtenhergx, after Volborth. 1, oral surface; 2, )>ostenor ; 8, aboral surface; 
4 , analysis; s p, plaitfs flooring arin-gixioves; (/, mouth, anus, the ]iosiUoq of which i» 
indicated by * in 1 ; ilf, hydropure between 18 & 19; .St', attachment of stem 

essential structure to ordinary pore-rhombs, the pores necessarily run in 
lines from the umbones to the angles of each plate (Fig. XXXVI. 3, 4); these 
structures may have helped in respiration ; but are in no sense homo¬ 
logous with Blastoid hydrospires. The three primitive food-grooves (ant., 
r. and 1.) are of equal size and bifurcate in like manner. The proximal 
portion tends to be hypothecal; then a short portion lies on the theca 
like the “recumbent arms” of the Olyptocystidae ; the di.stal portion is 
freely exothecal, biserial, and brachioliferous. Stem well developed, 
circular in section. Genera —Hemicomitesy von Buch (1840, redescribed 
1846 ; see also Job. Muller, 1864 ; syn. HexalacystiSy Haeckel), Lower to 
Upper Ordovician, Russia, and perhaps Silurian, N. America. Com- 
ptring the dorsal cup (Fig. XXXVI. 3) with a crinoid cup, we may 
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imagine the anterior radius to be doubled, concurrently with the 
bifurcation of the anterior arm, and may therefore speak of the left and 
right anterior RR and IBB and the anterior B, while the other plates 
retain their usual names. The three iRR rest on the truncated upper 
margins of the anterior and right and left antero-lateral BB, and are half 
the width of the RR, but quite as high. The anus, with valvular 
pyramid, is left of the posterior interradius, being in fact below 1. post. 
R, and between 1. post, and post. BB. The tegmen is solidly covered 
with nine plates alternating with the nine plates of the radial circlet 
(Fig. XXXVI. 1). These plates have no pores like those of the dorsal 
cup (but the posterior one is rugose at its adoral end, and appears to have 
been pierced by a hydropore). From the central mouth three food- 
grooves run over these plates towards the anterior and the right and left 
antero-lateral RR. The mouth and grooves are protected by relatively 
large irregular covering-plates. At the end of each groove is an oval 
area over which passed the base of a biserial arm, which became free almost 
immediately. Ganjocrinus^ Say (1825, see von Buch, 1845, and Hall, 1852 ; 
synn. Strihalocystis, S. A. Miller; Enneacydi^, Haeckel), Upper Ordovician, 
Scandinavia, and Silurian, N. America. Dorsal cup (Fig. XXXVI. 4) differs 
from that of Hemicos^iiites only in absence of anterior ill, and of anus, the 
latter having moved up to the tegmen. The covering-plates of the foo«l- 
grooves have become larger and incorporated in the tegmen (Fig. XXXVI. 2), 
so that the grooves are subtegminal (cf. Crinoidea Caraerata); but 
end in facets on the margins of the RR and iRR. Since the grooves 
branch while beneath the tegmen, these facets are more than three, though 
still distributed into a left, right, and anterior group. In tlie growth of 
the individual, Hall has noticed successive stages with from three to 
fourteen facets ; six and nine are fairly common, but for adults thirteen 
is the usual number, the thirteenth being added on the right of the anus. 
Hall describes the arms as composed proximally of “semicircular, and 
scarcely interlocking ” ossicles ; distally the brachials alternate so that 
the arm is biserial. Each brachial bears a grooved pinnule, perhaps aho 
biserial. In Corylocrinus and Juglandocrinui {both von Koenen, 1886), 
Upper Ordovician, South France, the composition of the dorsal cup (Fig. 
XXXVI. 6) is the same as in Caryocriniis. The tegmen of Corylocn7iuii 
is composed of four plates, of which the right, left, and anterior bear arm 
facets, apparently as in Hemicosmites; the posterior tegniinal plate is very 
thick and porous (a madreporite). In Juglaiulocnnus (Fig. XXXVI. 5), as 
in a young Caryocrinusy the food-grooves are subtegminal, and come to the 
surface on the upper margins of three large plates, which are right, left, 
and anterior in position, and alternate with three smaller plates. These 
six plates exactly correspond to the tegminal plates of Heimcoimiitts; a 
central plate over the mouth, and three plates covering the food-grooves, 
represent the covering-plates of that genus. This interpretation of von 
Koenen’a obscure genera was partly suggested by P. H. Carpenter (1891). 
An anus was doubtless present, though not observed in the imperfect 
specimens. Heterocystisy Hall (1862), Silurian, New York (Fig. XXXVI. 7), 
appears to have been derived from Hemicosmites by the vertical bisection of 
4 BB (viz. r.post, r. ant-Iat, ant, 1. ant-lat), thus producing 10 BB ; 




Fig. XXXVI. 

Carj’ocnnulae. 1, t(*giiipji 
of HemicosviiUs, x ^, the 
lilates ciAeruig tli*" moutli 
.IP* r#‘Tiio\»‘d. (From Hut 
Mtis. E7591 ) 2, tpgmfii ol 
('urtfoci x2. (M<xlittf*d 
from 1\ H. Cari'OiitiM ) 3, 
analjsi's of ]femu''»>mitP'>. 
(Unuiiial ) 4, analvsisof t’u- 
lyiKrinus (Imst'd on \anons 
lif^iirc.s). .ind o, 

anal) SIS, of Jitqlandon mtis 
(Uihed on \on Ko^m*n s 
li;;ui«'s) 7, analysis of lie. 
tirinustut (Ija^rd on Hall’s 
liKnif'M) 

The lhu'»» rajs 

are distinguished as ant , i , 
and 1. The four cin'lels ap* 
iiiarkoii JU, V, It, k f (tt'g- 
minals). Anioiit; the te-;. 
iinnals. that marked M is 
connected vitli tin* !i)dio- 
I)ore Plates intercalated 
in J{ circlet are marked %Il 
Ur', facets lor bi.icliioles. 
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the corresponding broadening of 1. ant. B ; the sinking of the 6 RR, 
and 3 iRR, so as to alternate with the 10 BB, except in posterior 
IR, which is entirely occupied by anal plates ; the repeated bifurcation 
of the arms, as in (JaryocrinuSy but probably to a greater extent, accom¬ 
panied by an increase in number of tegminal and accessory plates, the 
arrangement of which is unknown. Stereorn-folds are visilde. Thecal 
plates nodose (cf. Hemicosmite!^\ hence the name of IL amuitus given to 
the only specimen known. 

Throughout this fuinily there is no strict correlation between the arms 
and the cup-plates. There is in both structures a dominance of the 
number three or six, it i^' true ; but each arm has not its own radial jdate 
supporting it, as in (h inoidea. Indeed, an arm may be borne by a plate 
that, on all other grounds, would be considered as interradial. Moreover, 
the trend of evolution in tlie family is parallel to the probable evolution 
of early Camerata, rather than towards that or any other Crinoid type. 


Order 3. Aporita, Zittel (1879, restr.) 

Cystidea in which pentamerous symmetry affects the food 
grooves and thecal plates, probably also the nerves and ambulacral 
vessels, but not the gonads. The food-grooves are exothecal and 
circumoral. The stereom and stroma show no trace of folds, 
rhombs, diplopores, or anything other than the finely porous 
structure characteristic of all Echinoderm stereom. 

One may regard this order as a backwater in the stream of pro¬ 
gress, derived perhaps from the Rhombiferi, but leading nowhere 
in particular, and only retained because the forms referred to it 
cannot be placed elsewhere. The arrangement of the thecal jdates, 
and a homoplastic resemblance to Hiipocrinus 178), have sug 
gested to some a connection with the Crinoidea. 

There is only one family, the Cryptociunidae, and in it the thecal 
plates are arranged in four circlets. Cryptocri nws, von Buch (1840 and 1845), 
Ordovician, Russia (Fig. XXXVIT.). Theca small, irregularly spheroidal, 
composed of four circlets of plates, Aboral circlet of three unecpial platen, 
produced by fusion of an original five, the unfused plate being in right 
anterior intcrradius. Above these is a circlet of five rather large hexagonal 
plates, following on and alternating with which are five smaller suh- 
pentagonal plates. These surround an irregular pentagon in which are 
the minute plates of the fourth circlet, and other small tegminal plates. 
Five main food-grooves lead from the mouth to facets borne by these 
adoral plates. The free brachioles rising from the facets must have been 
slender. The anus, with valvular pyramid, lies between two plates of 
the third circlet, either supported on a plate of the second circlet, or 
separated therefrom by a small supplementary plate. The hydropore 
appears to have been in the adoral plate opposite the anterior food-groove, 
and left of the anus, which therefore occupies much the same position as 
in Qlyptocystidae. Another pore, perhaps excretory, lay in the adoral 
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plate on the left, that is, opposite the anus. There was a slender stem 
of circular columnals. Lysocystis, S. A. Miller (1889, proposed for EchifUh 
cijstiSf Hall non Wyville Thomson; syn. ScolocyitiSf Gregory, 1897), 
Silurian, N. America. Theca 8ub>pentagonal, composed of four circlets of 
plates. Aboral circlet of four (J) small plates, followed by two circlets of 
five plates each, regularly alternating, and an adoral circlet, number un¬ 
known. Apparently three free brachioles, possibly becoming five by the 
usual bifurcation. Anus at adjacent upper angles of two plates of third 
circlet. In the only known species the plates of second and third circlets 
were strongly nodose. Stem unknown. 



Cruptocrxnw. 1, from oral fiurfaoo; 2, eulamed mow of oral rcKiou, the tegunnal plates 
removed; 3, aboral view; 4, side Mew. (All diiifirammatiHcd from Jiiekel.) As, aniu ; Dr', 
facets for brachioles ; M, hjdroiKiro ; p, another i>oie, St', tor stem 


Ohder 4. Diploporita, Zittel (1879, emend.) 

Cystitlea in which radial symmetry affects the food-grooves, 
and by degree.s the thecal plates connected therewith, but not the 
interradial thecal plates ; probably also the nerves and ambulacral 
vessels, but not the gonads. The food-grooves are epithecal, t.c. 
are extended over the thecal plates themselves without intermedi¬ 
ate flooring; they are also prolonged on to exothecal brachioles, 
which line the epithecal grooves. The stereom of the thecal plates 
may be thrown into folds, but the mesostroma does not so much 
tend to lie in strands traversing the sutures, nor are pectinirhombs 
or ‘^pore-rhombs” developed; diplopores are always present in 
the mesostereom, but often restricted to definite tracts or plates, 
especially in higher forms. 

While some descendants of the Aristocystidae were seeking in 
vain to perpetuate their race by assuming the flattened carapace 
of Anomalocystidae, and while others, becoming more reconciled 
to a sedentary life, were stretching out from their mouths longer 
and longer arms into the food-bearing sea, raising themselves too 
on loftier columns, there were yet others that hit upon another 
way of meeting the needs of a fixed existence. The chief need 
was to expose food-collecting surface in greater amount and over a 
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wider area. The way found was to stretch ciliated grooves from 
the mouth over the surface of the theca, and then to raise them on 
armlets or brachiola placed at fit intervals. At the same time, 
the hydrocoel, it may be inferred from its constant connection 
with such grooves, sent out branches corresponding with the food- 
grooves ; from these branches were given off the podia, serving 
for both respiration and the prehension of food. This wandering 
of the brachiola away from the mouth marks then the develop¬ 
ment of two structures previously unknown among Echinoderms: 
(1) canals radiating from the hydrocoel along the theca; (2) an 
intrabrachial, circumoral, or ventral region of the theca, such as 
in Crinoids is called the tegmon. These two structures, in one 
form or another, characterise all Echinoderma other than Amphor- 
idea and a few Rhombiferi. But it seems that they were inde¬ 
pendently developed along many lines. What in the Crinoidea 
is a mere “ tegrnen ” or pot-lid, comes in Gh/ptosphaera, in the 
Edrioasteroidea, and in the Echinoidea, to form the greater part of 
the test; and with it the perradial ambulacral vessels extend; 
whereas the theca of Aristocystidae, which in Crinoidea becomes the 
specialised and important calyx or dorsal c\ip, is in the other orders 
more and more reduced until in some cases no more of it can be re¬ 
cognised than the plates of the anal pyramid or their homologues. 
Another structure characterising this order, viz. diplopores (p. 41), 
may possibly have assisted respiration by bringing lacunar blood¬ 
vessels into closer contact with the sea-water; this may have been 
connected with a less development of podia. The functions of 
diplopores have not as yet been satisfactorily explained by reference, 
to recent Echinoderms. 

Family 1. Sphaekonidae. Primitive Diploporita, in which the food- 
grooves do not extend from the mouth beyond the adoral circlet of plates. 
Diplopores diffuse. The included genera show the early stages of tcgminal 
and ambulacral development; in none of them does more than a single 
cycle of plates intervene between the oral pole and the bases of the 
brachiola. The five plates forming the cycle are interradially placed, 
being separated by the grooves proceeding from the mouth to the brachioles. 
The ilirection of these grooves is primitively the same as that of the food- 
grooves in Echifiosphaera, viz. one anterior, opposed to the anus, two 
lateral, each of which soon branches, thus making five grooves in all, 
with bilateral symmetry. Thus the shape and position of the five inter¬ 
vening plates are those characteristic of true orals (see p. 124). Genera— 
Sphaeronis^ Hisinger (1828 and 1837); the name was proposed to replace 
Echinosphaera of Wahlenberg (1818) for no assigned reason, but was 
restricted to forms agreeing with Echinus pomum^ Gyllenhal, by Job. 
Muller (1864). The species referred to this genus by Angelin (1878) are 
all Ordovician, and agree in the following characters (Fig. XXXVIll.):— 
A spheroid or ovoid theca, sessile on a broad base, composed of irregu¬ 
lar plates, the mesostereom of which is pierced by regularly formed 
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Fio. XXXVIII. 


Sphaeronis globulin, after Angelin. 1, from side, iiat. 
.size ; 2, U*gmen, enlargpfl 


diplopores ; the anus close to the peristome, and with a valvular pyramid ; 
small hydropore, perhaps combined with gonopore, between mouth and 

anus, to the left ; hvc orals 
separated by food-grooves 
with primitive bilateral 
arrangement. The various 
species may be arranged 
in groups, according to 
the number of times the 
grooves branch, and the 
number of brachiola given 
off from tliem. Haeckel 
(1896) has sought to separ¬ 
ate as genera {Pomonites^ 
PomonjstiSf Pmnosphaera) 
those with one, two, three, 
and four brachiola to each ray; but until Angelin’s notoriously 
inaccurate figures shall have been corrected by observation instead 
of by hypothesis, these names can rest on no sure ground. Moreover, 
Lov^n’s figure of the type- 
epecies, S, pomum^ repro- 
ducet^ii^ our Fig. XXXIX., 
shows that the number of 
branches visible may be 
two, three, or four in a 
single individual. Eu- 
cystis, Angelin (1878), Or¬ 
dovician, Sweden (Fig, 

XL), sends its grooves 
farther down the theca 
than Sphaerojiis, over one 
or two circlets of thecal 
plates. From the distal 
end of each ray a brachiole 
was given off, while others 
of uncertain number and 
position arose along the 
side of the grooves. Prob¬ 
ably some of the forms 
described by S. A. Miller 
as Holocystites should be 
placed here (e.g. Tremato- 
cystiSf Jaekel), although 
their orals are not known. 

H. gyrinuSf Miller & Gurley 
(1894), presents a stage in 
the development of food- 


Br' 
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Fio. XXXIX. 

Adoral region of Sphaeronis pomum (from Loven, 

Leskia mirabilig," 0/v. yet.-Akad. Forhandl. 1867, p 434). 
0, orals covering mouth ; vg, section of food-groove running 
fiibm mouth tobrachiole-facets, somo of vvliich are pierced 
by an axial canal; Ati, plates cloning over aniin; (i, pro¬ 
minence with two pores, which Lovin considered gono- 
pores; M, ridge which Ijoven thought might indicate a 
inadreporite (or O may represent combined gonopore and 
hydropore); diplopores surround the whole area. 


grooves that in some respects is more advanced, although the peristomial 
pUtea have no regular arrangement (Fig. XLIL). Allocystis^ Miller (1889), 
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Silurian, Indiana, may go here. Proteocyatis, Barrande (1887), Lower 
Devonian, Bohemia (Fig. XLL), differs from Sphaeronis mainly in the ir¬ 
regular branching of the food-grooves, which stretch farther over the theca, 
though whether the tegmen ever contained more than one cycle of plates 
cannot be determined from the published figures. Apparently the hydro- 
pore formed a slit between the small gonopore and the mouth ; and the 
base, broader than in Sphaeroni% is said to have been prolonged into a stem. 



Its geological age forbids to regard Pxttionjstimis a link between Sphae- 
ronitidae and (nyptosphaoridae, but it certainly has points of likeness to 
the latter family, Oehlert (1887), Lower Devonian, W. France, 

is a simple splieroiil with large stem-attacliment. Palmacustis^ Haeckel 
(1896), Arclwjonjstu, Codianjstis^ Jackel (1899), are forms with the 
epithecal branched food-grooVes, described by Barrande as // 
p(tlm*rs of PirnajstiSj CraterhiHy & Arisiocystu, 

Family 2. GLYPTOsniAEiUDAE. Diploponta in which the food-grooves 


extend over the thecii well beyond the atloral circlet, and irregularly 


transgress the sutures between the 
thecal plates. Diplopores diffuse. 
These represent a further advance 
on the tyjie of structure originated 
m Spline ronitidae. Genera — 
GlyptoApliami^ J. Muller (1854), 
Ordovician, Baltic countries (Fig. 
XLIIL), has for type the species 
first figured by the Duke of 
Leuchtenberg (1843), and dis¬ 
tinguished by Volborth (1846) as 
Sphaeronitea Leuclitenheryi, The 
spherical theca, reaching a diameter 
of 7 cm., and larger than any other 



cystid, is composed of irregularly 
arranged polygonal plates, bearing 
diplopores. The mouth is covered 


Eio. XLllI. 

(ilnptosjyhaera Lenchtvnherqi, aHot Vollxirtli, imt. 
8U0. For lotitTing, atljonung texl. 


by five orals (0) with characteristic bilateral symmetry, and from between 


them the anterior unpaired, and lateral paired, grooves radiate about 
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half-way over the theca, crossing the sutures of the plates, and giving otf 
short branches on either side, or sometimes on one side only, at irregular 
intervals. At the ends of the branches are facets ifir) for the support 
of brachioles. The grooves are shallow and have minute covering-plates. 
The anus (As), of which the valvular pyramid is rarely preserved, lies about 
a third of the way down the theca ; between it and the mouth are two 
openings, a little to the left, viz. a small round gonopore (G) and a madreporite 
(ilf). The latter, the representative of the hydropore, is always close to 
the first brachiole-facet of the left posterior groove, at the junction of three 
plates ; it consists of folds (slits ?) running at right angles to the sutures, 
and is bounded by a slight ridge forming a triangle or trapezoid. According 
to Volborth, there was at the aboral pole a stern, to J width of theca, 
with a wide lumen, and low columnals with five longitudinal sutures, and 
with encrusting root-expansion. Eichwald, however, could not find more 
than a short conical extension of the theca, and this agrees better with 
the appearances oi specimens sent by Volborth to the British Museum. 
Funfjoq/stis, Barrande (1887), Ordovician, Bohemia (Fig. XLIV.), differs 

from Ghjptosphiera in the broad base. 


Mv ,ri hollowed for attachment to some marine 

object, and forming an angle with the long 
axis of the theca; the paucity of diplo- 
pores ; and the regular alternation of the 
groove branches, making each groove a zig¬ 
zag. The test it.-elf is not preserved ; the 
internal ca.sts show no sign of the external 
grooves and brachioles; but they show 
between anus and mouth a curvetl eleva¬ 
tion (madreporite ?). 

Family 3. Protocrinidae. Diploporita 
in which the food-grooves extend over the 
theca almost to the aboral pole, and are 
regularly bordered by alteniating thecal 
Fir.. XLiv. plates (“adambulacrals ”), on which are 

.tnSXC brachiole-facete. Diplopores diffuse or 

Bnirande’s figures; enlarged, confined to adainbulacrals, from which they 

are never absent. These represent a further 
advance in precisely the same direction as previous families. Genera— 
Protocrintw, Eichwald (1840), Ordovician, Russia (Fig. XLV.), was well 
described by Volborth (1846). Theca spheroidal or ovoid, attached by 
a stem in the young, but free in old age and losing all traces of attach¬ 
ment (cf. Lichenoides). Thecal plates larger, stouter, and more swollen 
than in Glyptosphaera ; all bear diplopores, which may become somewhat 
at right angles to main food-groove, on the adambulacrals. The main 
grooves are rather straighter than in Glyptosphaera, lying regularly between 
large alternating thecal plates (adambulacrals), each of which bears a 
brachiole, except one or two of the proximal ones on the side towards the 
direction of the clock-hands. Hydropore minute, above anus. Proterohlastns, 
Jaekel (1895; syn. Dactylocystis, 1899), Ordovician, Russia (Fig. XLVI.). 
Theca ovoid, sometimes prolonged gradually into a stem (cf. Dendrocyttu)* 
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Thecal plates clearly differentiated into: (a) smooth, irregular, and 
depressed interambulacrals; {b) transversely elongate adambulacrals. 
Diplopores at right angles to main food-groove, and confined to inner 



1 


Fio XLV. 



2 



rnitornuu^ oviformU, after Volborth. 1, oral siirface, showing footi-grooMS partly coveml 
by ariibnlacrals, x 2, alioral surface of young iiuiividual, showing .stein-attachinent; S, 
aboral surface of old indiM<lual, without stem. 


portions of adambulacrals. Each adumbulacral bears a brachiole-facet; 
there are about tbirty-si.x in each ray. 

Family 4. Mi^iocystidae. Diploporita in which the food-grooves 
extend over the theca almost to the aboral pole, and are regularly 
bordered by alternating brachioliferous adambulacrals, raised above and 
outside the adjacent interambulacrals. Diplopores confined to inter¬ 
ambulacrals. Five interradial deltoids (i^) sur¬ 
round the peristome. In this family we reach 
the tinal stage of the Diploporita. although a 
branch parallel with the Mesocystidae ])as.se3 on 
in the direction of the Eublastoidea, beyond the 
boundary of the Cyatidea. Genera dr(f.swj/.s/iV-, 

Bather (Jiin. 1898, =Mesites^ Hoffmann, 1866 ; 

Nikitin, 1877; Agelacrinus, Schmidt, 1874), 

Ordovician, Esthonia. Theca (Fig. XLVII. 1) 
simulates that of a regular echinoid, or still more, 

Edrioaster^ since the mouth is on the upper 
surface; from it narrow food-grooves, protected 
by covering-plates, pass straight down to the 

margin of the fattened aboral surface (Fig. . 

A 1 1 1 -11 1 brachioles (Br), food-groovea 

XLVII. 2 ). Adambulacrals raised above the (Anib) bordered by adambu- 

general surface of the theca, by the pushing in 
under them of the adjacent interamhulacrnls; 

thus they outwardly resemble the sub-ambulacrals or side-plates of 
Callocystinae (Fig. XLVII. 3). The interambulacrals do not, however, 
absolutely meet underneath the adambulacrals, but leave an irregular 
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canal (which may have contained a nerve of the aboral nerve-system). 
Interambulacrals numerous and irregular, all pierced by diplopores. 
Mouth lies in a depression (cf. EdrioaMer ); surrounded b}^ five interradial, 
slightly forked A, apparently continuous with the adambulacrals, and 
homologous with the five plates similarly situated in Sphaeronis. Posterior 



Alesoeyttis Ptairtfskii. 1, ff«*neral form, re.stor»**l after llnffinann ajul Nikitin. 2, oral «ur* 
face, after HoOhiann, enlarKod; the deltoids are not clearly sIio^mi. 3, structure of the adoral 
end of a food-groove, modified from Jaekel; the eovemiK-jdates removed lioin the lower ri^ht- 
hand part; much enlarged. 4, transverse Kection of a foo<l-groovo, after Jaekel. As, ainw, 
adAtnitf arlambulacrals or side-plates (s.p ); ep, covering-plates or ambiilacrals ; Ur, dotted 
oatlines of brachioles, borne by Br', brachiole-facet; fg, foorl-gnxive ; ti4Ta^, interambulacrals, 
pierced by diplopores (p); Jif, supiiosed hydroiiorcs, probably only due to a boring imrasite; 
0, mouth. 


A pierced by hydropore (and ? gonoi>ore). Anal pyramid in upper part of 
posterior interambulacrum. Aboral surface of theca composed of numerous 
small plates, but the structure of its central region is still unknown. 

Family fi, Gomphoctstidae. Diploporita in which extension of food¬ 
collecting surface is provided by the curving of the five main grooves 
'»ro«nd the theca and not by their prolongation on to brachioles. 
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Gomphocystis, Hall (1864), Silurian, N. America and Gotland (Fig. 
XLVIII.). Theca flattened above, greatly 
elongate below, composed of many irregular 
plates, pierced by diploporea. From a central 
mouth live food - grooves radiate over the 
theca, curving sinistrally around the upper 
part, and occasionally descending a short dis¬ 
tance on the stem-like base. Covering-plates 
often strongly developed, and grooves lowered 
beneath thecal surface. Jaekel (1895) states 
that small side-giooves, but no brachioles, 
occur in a Gotland species. Anus close to 
mouth, in an interradius. Attachment ap¬ 
pears to have been by the base, as in Aristo- 
The curving of the food-grooves and the 
asseited absence of bracliioles cause 
iifatU to resemble many Kdnoasteroidea. Jhit 
the structure of the grooves seems to be that 
which obtains in Biploporita, while the 
presence of marked dijdopoies confirms the 

reference to that order, lii any case the family is out of the main line 
of evolution. 



Flo. Xl.VIII. 

Cnmphnrystis tenox, from abovp 
mI.owui^; course of focHl-{;ro<)\es. 
.111(1 !i(>m ‘.ido with outliiiHs of 
pliitf's shown only in nniicr twirt. 
Altfi Hall. x 2 . 


APbEXUlX TO CVSTIDKA. 

Tlie following names have hem supposed to refer to Cystids — 

Ascucifstis, Ihirr , proliahly a Cauicrate Crinoid. 

UaldiuH'i/stis, Hair,, ind«‘teimin.thle. 

CanmrocriHus, Hall (syn. Loholtthns, Hair.\ loot of a Cnnoid {ScyphoennuB. 
apwl Jaekel). 

Cardioi'iistIS, Hair., indcienmnahle. 

Crinocystis, Hall, prohahly a Caiueratn Crinoid. 

Cyclorrinvs, Eichwald {Pasecolvs, Hillings), now* regarded as calcareous Algae ; 
at any rate not Kchinod«Tin.s. 

Cystuit'a, a name used hy Harrande for any indeterminable fragment, and not 
intended as a zoological gcnu^. 

Dietyocrifius, Conrad, i.s a Keceptaculite. 

JlypoTiomef Loveii, the ejected viscera and disc of an Antedon. 

Hypocrinus, Beyrich, an Inadunate Crinoid (.see p. 178 ). 

Lichenocnntis, Hall, the root of a IVhnatozoan (see p. 133 ). 

Mispilocystis, Harr., probably Sfrphanocrinus (see p. 96 ). 

Neocystis, Barr., probably tlie root of a Pelinatozoan. 

Porocrinus, an Inadunate Cnnoid (see p. 172 ). 

IDiomhifera mira^ Harr., is a Stephanocnnvs (see p. 96 ). 


A fairly complete Bibliography of the Cystidea was given in— 

Barrande, J., 1887. Systeme Silurien du centre de la Boh^me, Partie; 
Recherches Paleontologiques. Vol. VII. Classo des Echinodermes. Ordre 
dea Cyatidiies, 4to, xvii. and 232 pp., xx.xix. pis. Prague. 

The literature is so interwoven with that of Crinoidea and Blastoidea, that 
other references are reserved for the list at the end of Pehnatozoa (p. 211). 




CHAPTER X. 


THE liLASTOIDEA.^ 

CLASS 11. BLASTOIDEA, Say (1825, sensu extenso). 

Grade A. Protoblastoidea. 

„ B. Eublastoidea. 

Pelmatozoa in which five (by atrophy four) epithecal ciliated 
grooves, lying on a lancet-shaped plate (? always), radiate from a 
central peristome between five interradial deltoid plates (A), and 
are edged by alternating side-plates bearing brachioles, to which side- 
branches pass from the grooves. Grooves and peristome protected 
by small plates, which can open over the grooves. The generative 
organs and coelom probably did not send extensions along the rays 
into the brachioles; btit apparently nerves from the aboral centre, 
after passing through the thecal plates, met in a circumoral ring, 
from which branches passed into the plate under the main food- 
grooves, and thence supplied the brachioles. The thecal plates, 
however irregular in some species, always show defined basals (B) 
and a distinct plate (“ radial,^* R) at the end of each ambulacrum ; 
they are in all cases so far affected by pentamerous symmetry 
that their sutures never cross the ambulacra.^ 

The more primitive of these forms can hardly be distinguished 
from their immediate ancestors among the Cystids, such as Pro- 
teroblastus and Mesocystis^ except by the more developed basals and 
radials; and it is this greater intimacy of correlation between 
ambulacral and thecal structures that necessitates their removal 
from the class Cystidea as here defined. Those general relations 
of the ambulacra to the theca, shared by Blastoidea with Diplo- 
porita, serve to distinguish them from the Callocystinae, with 
which some of the genera have been allied by naturalists. To 
these characters may be added the presence of diplopores, which 
are still to be found in the most primitive genus. From the 

^ By F. A. Bather, M.A, 

^ The term **ambulacrum" has been loosely used in the Blastoidea for the 
thecal elements connected with the food-groove. ** Pseudambulacrum" is more 
correct and more cumbrous. The relations of the true ambulacral system are doubtfiil. 
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Edrioasteroidea they are separated by the presence of brachioles and 
absence of ambulacral pores. Their line of evolution, though in 
some respects parallel to those of the Callocystinae and Edrioas¬ 
teroidea, was independently derived through the Diploporita from 
the primitive Amphoridea. 

Within the class itself may be traced the increase of penta- 
merism, combined with a lessening in number of the thecal plates 
until a very definite arrangement is reached. At the same time, 
there is a concentration of semi-porous structures into the inter- 



AyteiohUistus 1, dial Kinfacv of .1. not qintt* coiiei't, as anal area is not shown. 

2, suhj \ie\v ol .*1. roJhiirthi Iloth a«lnpte<I iroiu ami X 2 (ham. am//, so- 

callo«l ambulacrum; hr, brachioles, .suiniort^sl on />?*', bmchiole-facets, f.ij, I -groove ; pp, 
IKire-pljito, at adoral emi ot which is delloid , li, radial, at eml ol ambulacium ; stein 

ambulacral region, and the evolution therefrom of elaborate 
respiratory organs (hydrospires); this is probably connected with 
the fact that all external connection with the water-ring (by means 
of a madreporite or hydropore) seems to have disappeared in the 
more specialised forms, and that, if the negative results of research 
may be trusted, there were no extensions of the water-vascular 
system into the brachioles. 

A somewhat arbitrary line may be drawn below forms that 
have acquired the normal definite number of plates and the 
hydrospiro-folds hanging far into the thecal cavity ; and while 
such forms constitute a grade Eublastoidea or Blastoidea seusu 
strkiOy those below the line arc Protobiastoidea. 

Grade A. Protoblastoidea, Bather (1899). 

Blastoidea without interambulacral groups of hydrospire-folds 
hanging into the thecal cavity. 
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Family 1. Asteroblabtidae. Protoblastoidea witli an indefinite 
number of thecal plates, bearing diplopores, and with a pore-plate adjacent 
to, but distinct from, the deltoid in each iiiterambulacrum. Genus— 
AsterohlcLstm^ Eicliwald (1862), emend. Schmidt (1874), Ordovician, Russia 
(Fig. I.). Theca pentagonal, on a relatively small round stem ; its hemi¬ 
spherical dorsal portion is composed of 4 BB and 5 RR, between which are 
from twenty-five {A, Volborthi) to fifty (A. stcllatus, type-sp.) polygonal 
plates; all plates have radiating ribs (“ axial folds ”), between which are 
diplopores. Round the mouth are 5 A, between which food-grooves 
pass to the ambulacra. Each ambulacrum consists of two rows of side- 
plates (adambulacrals), set alternately on either side of the food-groove, 
branches from which run to right and left between adjacent side-plates. 
Any underlying plate there may be is entirely covered by the side-plates. 
At the ends of the grooves are sockets, by which uniserial brachioles were 
attached to the side-plates. Grooves down the brachioles joined the food- 
grooves of the ray, and all probably were covered with small alternating 
plates (ambulacrals). Adjoining each A and 
separating the adjacent ambulacra, is a large 
diplopore-bearing plate ; in A. tuberculatus 
tliis is much like other plates of the theca 
(on which ground Haeckel has separated the 
species as Asterocystisj Fig. II.); but in A. 
stellatus and A, Volborthi it is enlarged, has 
a pronounced median crest, and is almost 
separated by the ambulacra from the ordinary 
thecal plates. [The anus appears to have 
been at the distal end of this “ pore plate ** 
in one of the interambulacra, which is wider 
than the others.] Family 2. Blastoido- 
CRINIDAE. Protoblastoidea with a definite 
number of thecal plates, without diplopores, 
and without distinct pore-plate. Genus —BUtstoidocrinuSy K Billings 

(1859), Canadian, and Schmidt (1874), Russian, Ordovician, is only 
known from imperfect specimens, so that only the following details can 
be given (Fig. III.):—The small round stem is inserted into a consider 
ably invaginated base, as is the case in several crinoids. BB, at least 3. 
RR, 6, not notched for reception of ambulacra, but with truncate upper 
margin; they support 5 large interradially situate A. Each A consists of 
two parts: an orad, subtriangular piece, like that called deltoid in Astero- 
bUutuSy and a lower, triangular piece corresponding to the pore-plate in 
Agteroblastus ; the connection between the two parts is still slight; indeed, 
in Canada the orad portions are often fused with one another into a pen¬ 
tagonal frame. The lower portions show a marked striation, due to stroma 
strands, at right angles to the radio-deltoid suture, and on the sutural 
edge the stereom is thrown into folds (incipient “ hydrospires ”) which, 
however, have not been observed to pass into the RR. The food-grooves 
pass out between the A ; the lapcet-plat^ supporting them is covered by 
alternating side-plates, which receive branches from the main groove, and 
are provided with a clear brachiole-facet; the remains of brachioles are 



Portion of the oral nurface of 
AaUrobUutui (A8terocystx$) tubercul- 
atiu. A, the nve deltoids surround¬ 
ing the peristome; s.p, side-plates 
or adambulacrals. Other letters as 
in Fig. I. (After Schmidt.) x2diaiii. 


THE BLASTOIDEA 


8i 


preserved, as in Asterublustus and many Eiiblastoi<ls. These known facts 
afford no character, other than the less development of the hydrospires, 
by which Blastoidocrinus should be separated fruiu the Eublastoidea, so 



rimis curchanmtlcii.^, on the exiilence of E. Rillmgs. 1, oral siirfa^p ; 3 

rays «h«jw tlie 8i(le-plat<*s (sp) wjth their facets fi)r bniehioles {he ’), 1 ray shows the brachiole'i 
(6r) att.'U'lie.l, tlio ath ray shows lancet-plate (L) evixjsetl b> icino\al of sulo-i)late<< 2, fiom 
the SKle , tlie upward exteusion of the stem (.St) and the vn\aginated basals (li) are indicated by 
dotted hues, h, incipient hydiospires. 


Ion" as that order includes such a form Coihister. But till the structure 
of the base and the position of the anus are known, the genus may be 
kept with Its rather more primitive allies, Aatnoblastus and Astcroeijstis. 


CiiiADK B. Eublastoidea, Bather (1899). 

(= Blastoidea, a neff.). 

Blastoitloa in which the thecal |)hites have assumed a definite 
nuiulxu’ and position in throe circlets, as follows:—3 BB, 2 large 
(foniiod by fusion of two pairs of the primitive 5 BB) and 1 small, 
in r. ant. lU ; r) KH, often fork-shaped, forming a closed circlet; 
5 A, intcrradial in position, supported on the shoulders or the pro¬ 
cesses of the RU, and often surrounding the peristome with their 
oral ends. The stereom of the RK and A on either side of the 
ambulacra is thrown into folds running across the radio-deltoid 
suture; these folds hang down into the thecal cavity, forming the 
hydrospires. 

Beginning in the Silurian with Coilasier and I'toosfocrinus, we 
may trace the gradual modification of a simjilo type, and the 
evolution of the numerous complicated structures characteristic of 
so specialised a form as Peniremites, Starting afresh with Elae- 
acrimts wc shall study the elaboration of the structures that 
characterise Orbit remites {== Granatocrinus), 'which represents the 
acme of the Eublastoidea in Britain. Thus the morphology and 
the classification will be unfolded along with the phylogeny. 

6 
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Cadaster^ M‘Coy (1849), Silurian to Carboniferous, Britain and N. 
America, is the least specialised of all Eublastoids (Fig. V.). The 3 BB 
form a conical cup, on which follows the more cylindrical circlet of 5 


RR, the processes of which bend in 
above almost at right angles, to form 
part of the truncated summit or oral 
surface. Following on the upper mar¬ 
gins of the radial processe^^ come the 5 A, 
which surround the pentagonal mouth- 
opening (Fig. V. 1). These A j»robably 
represent the combined A and pore- 
plates of Asterohlastus; like those j>ore- 
plates they have a pronounced metlian 
crest (“oral ridge,” Etheridge & Car¬ 
penter). Between adjacent A, and 
passing down into the sinus of each 
R, is a long plate, known from its 
shape as the “ lancet-plaie ” (Fig. V. 2); 
the edges of this partly overlap the R 
and A; its upper surface bears a groove 
which passes between the adjacent A 
to the mouth. It is pierce<l by a cen¬ 
tral canal, comparable to the central 
hollow seen in and probably 

filled by a nerve from the aboral 
system (Fig. V. 6} Along the sides 
of the lancet-plate lie small “side- 
plates,” not, however, in single series, 
but in zigzag, so that each pair forms 
a rhomboheilron bisected by tlie suture 
betw'een them (Fig. VI.). On these 
sutures are Virachiole - facets ; and 
branches from the ventral groove pa.s8 
alternately to the side-plates and on 
to the brachioles. The whole groove 
was covered by small movable jdales 
the impressions of wliich are seen along 
its sides. The peristome was similarly 
plated over. The apposed edges of 
the radial processes and the A are 
thrown into a set of strongly-marked 
folds at right angles to the radio- 
deltoid sutures (Fig. V. 6). These 
folds in the stereom may be an ex¬ 
aggeration of the axial folds so con¬ 
spicuous in Asterohlastia; the stereom 
fonns a thin-folded wall, the ends 
of the folds dipping far down into 



Fia. IV. 


lieconstruction of a typical Eublastold, 
Orophocrinnn (vel DimoryhUrinuH) /ufifor^ 
mii, from Kinderlioiik beds of Iowa. By 
penniMRion of tlie Keeper of the Oeologieal 
Departineat of the Uritieh Museum. 


Um thecal cavity. One infers from similar foldings in other animals 
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that the object was an increase of surface for respiratory purposes, the 
outer oxygenated sea-water passing down into the folds and the inner 
coelomic fluid passing up into the alternate folds. Hence to such struc¬ 
tures E. Billings gave the name “hydrospires.” Tliey are similar, in 
essential structure and in position across the suture lines, to the pectini- 
rhombs of Callocystinae ; and similarly arc a development of the normal 



1 


4 5 




CoflasUr trilobalus 1, oral surface of young in<lnulual of var. acHfMS, 3 hy«lrosp»re» 
cacli Knlo of a fno<l*groove and traces of them m an. 1 l mtt'n’adius (Unt. Mus E80‘20) *2. a theca 
ground down from the oral surface, thus hntigmg out the sutuioa (Unt. Mus. KS0J3). 3, 
analysis of the mam thecal elements. 4, ihec.i seen from the left, posterior ri<tuis. the 
same thecA from below, with posteiior interradius uppermost. (Both from Unt, Miw. E8013). 
X). 6, slightly restored si'ction across i>art of a radius, avth, so-called ambulacrum or 
pseudambulacruui, with foi>•!-groove; vl?, aperture for anus ; U, l>a.sal, brachiole , c.p» 
coveriug-platea; h, hydrospire-folds. I, lancet-plate; 0, mouth-aperture; li, radial; 5.p, side- 
plate ; A, deltoid. 


structure of the test The marked pentamerous symmetry of the thecal 
plates (with the apparent exception of BB) and of the hydrospires is 
disturbed only by the amis, which makes an opening between the pos¬ 
terior A and the adjacent radial processes. From this IB hydrospire-folds 
are said to be absent (but one or two may be seen in some specimens. 
Fig. V. 2). The anal opening was closed by small plates. The essential 
structures of Cadaster are all to be found in Protoblastoidea ; the absence 
of interombukcrals, in Blasioidocrinus; the ambulacral structures, in 
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Ashroblastus and Blastoidocrinus; the position of the anus, in Asteroblastiis; 
the hydros])ire8, though far less developed, in Blastoidocnnus. So much 
is this the case that Cadaster has been referred to the Cystidea by several 
writers of eminence. Further arguments for such action are found in tlie 


fact that Cadaster has no 



Fin. VI, 

Food'Krooxe and associatfd 
atructuies of triloba- 

tus, greatly enlarged, o.s j>, 
outer side-plate; s.j), side- 
plate, hr, hiachiole - f.icet, 
from whu’h passes a siuali 
groove t '/-/, the main food- 
groove. along which are im¬ 
pressions ol tovfring-plates. 
These Miuctiins are borne 
by L, lai let-plate, in which 
IS n.c, a pos^lhle nerve-canal, 
lleneath this emerges h j>, 
the plate fMrniing the side 
Of h, the tiist hydiospire-fold 
(Basel on lint. Mus. ESOJT.) 


“ spiracles ” at the proximal ends of the ambu¬ 
lacra, and no bydrospire-pores along their sides, 
structures whicli are often considered character¬ 
istic of the Eublastoidea. The gradual evolution 
of these structures may, however, be traced 
witliin the order. 

Pha€7ioschismaf Etheridge & Carpenter (1882, 
-86), Devonian and Carboniferou.'^, Europe and N. 
America, differs from Cadaster mainly in the fact 
that tlie hydrospire-folds become more concen¬ 
trated, and puhhed in under, or overgrown by, 
the side-plates and part of the lancet-plate, so 
that as a rule only their ends are visible (Fig. 
VII. 2); they are also well developed in the 
anal IR. The side-])lates may lie at the sides 
of the lancet-plate, as in Cadaster, or they may 
he on it; in cases where the proximal side-plates 
project far over the liydrospires, they may 
entirely roof in tl e dejiression in which the 
liydrospires lie, only leaving a small communi¬ 
cation with the exterior on either side the 
proximal end of the ambulacrum (Fig. VII. 6). 
The openings thus formed are the rudiments 
of “ spiracles.’^ The side-plates that in Cadaster 
formed the outer halves of the rhombohedral 
pairs are here dimiiiished in size and pushed out¬ 
wards (Fig. VII. 1). They are now distinguished 


as “outer side-plates” (cf. siuular structures in the recumbent arms of 


Callocystuiae). Cryptoschisma, Etheridge & Carpenter (1886), Lower 
Devonian, Spain, differs from riiaenoschisnai and Cadaster in little but the 
greater breadth of the ambulacra, which entirely conceal the eight liydro- 
spirc-slits on either side. Sometimes the ambulacra do not reach to the 
tops of the deltoid crests (or oral lidges), and thus there is a spiracle on 
either side of each crest, or ten m all; but sometimes they reach right up 
the oral ridges, so that the spiracles of adjacent amhiil.icra hecunie con¬ 
fluent, and there are five in all (Fig. VII. 8). This is expres.sed by saying 
spiracles “double'’ or “single” respectively. Orop/ioc/f/zas, von Seebach 
(1864 ; synn. Dimorphicrinas, d'Orb.; Cadonites, Meek & Wurtb), Carboni¬ 


ferous, Britain, Belgium, and N. America (Fig. IV.). The hjiiro^pire-slits 
are more concentrated at the bottom of the depression for the ambulacra 
(“radial sinus”) than in previous genera; but since tbc ambulacra are 
narrower, some of the slits may be exposed, and tbc spiracles are merely 
clefts, often extending all along the sides of the ambulacra (Fig. VII. 7). 
The concentration of the hydrospire-slits cause.s the inner walls of the 
two nearest the median line of the ambulacrum to meet along that line, 
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and 80 to form a new structure known as the “under lancet-plate” 
(“ lub-lancet ”). In this genus the oral surface is raised into more or less 
of a dome, so that the A are visible in side view. Post. A encloses the anus. 

Pentremitidea^ d’Orbigny (1849, emend. Eth. & Carp., 1882,-86), Dev¬ 
onian, Spain, the Eifel, and N. America. In the form of the calyx, the 
complexity of the hydrospires, and other points there is great variability. 
P. Pailletteiy de Vern., however, type of the genus, is not far removed from 
Phaenoschisma and Grypfoschisrm. Eight hydrospire-folds lie on each side 
of an ambulacrum, entirely covered by the broad lancet-plate. The 
side-plates are on top of the lancet-plate, so that none of it is visible. 
The outer side-plates are wedged in between the side-plates and do not 



Fm. VII. 

1, Phafno<irhima Venipuili, fooil-groovo •«eeii from r1»o\»». Ip, lancpt-platt* sj’, sul' phtoR, 
between are tho Mimll outer 2, section ncro'»'» part of a ra«lius ot llie .same ; 

the hydrospiresale here in the deltoid,ami only a piocess of the ladial is seen {li pr) 3 pttr. 
of nil amhulacmm of seen fntin abo\e, x ildiani. 4, left side of tin* '','iiiie tiirther 

enlarged, m1io>mhj; .some of the co\enn^-]>l.ites (diui'ramninti.sod frimi bteinmann) ->eetmn 
across a radius ot Pentirmtiei^, x (»iliani are di.ignuns slunMii^ the evolution of vp.t leles : 
6, in I’liHfnnschixTrui. ends of hjdrospire-folds still vi.siblo, only an incipient spiracli’ 1, in 
Orophoennus. a lonj; smnicle-sliL is encloseil between .snle-plates and deltoid rnlite ^,'ui > i/pto~ 
»chuvia; on the left the spuacles are dislinctly separated by the deltoid nd^e; on I he ri^,'ht 
the Hide-iilates of adjacent ambulacia meet and the deltoid.s sink, so that the spiraele> appear 
single, hr, braehiole; hr', articular facet for same; c.p, eovering-plate.s; deltoid i re.st ; 
/.jr, food-groove; L, lancet-plate; t>, peri.stoine, o.s.p, outer side-plate; j», pores, U, ladial; 
B, spiracle ; b 1, aub-laiicet; s.p, side-plate. 

project beyond their edges. A covered by radial processes, so that only 
the crests are exposed. The spiracles are clefts on either side the 
ambulacra, between the deltoid crests and the proximal side-plates. The 
anus pierces post. A, whicli therefore has no crest, so that the adjacent 
spiracles arc confluent with the anus ; the opening so formed is called “ the 
anal spiracle.” In some species (esp. P. aiupdata) the side-plates do not 
cover the lancet-plate any more than they do in some species of Phaeno¬ 
schisma. Within the limits of Pentrmitidea (as defined by Etheridge & 
Carpenter) two changes of importance take place. The hydrospires no 
longer remain extended, with each fold opening into the space below the 
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overspreading ambulacrum, but the ad median folds become gradually 
lowered into the thecal cavity and open into a common canal (e.g. P. 
clavata); thus each system of folds forms a “ pendent hydrospire-sac. 
The second change is the slight notching or bevelling of the ends of the 
side-plates and the projection of the outer side-plates so as to touch the 
wall of the radial sinus ; thus is formed along each side of the ambulacrum 
a series of openings by which water is admitted to the hydrospires, which 
it bathes and then passes out again by the spiracles (e.g. P. Ixmtanica ); 
these openings are called “ pores,” but are not comparable to the haplo- 
pores or diplopores of the Cystidea, to the water-pores of Crinoidea, or to 
the ambulacral pores of Echinoidea. Pentremites, Say (1820, originally 
Pentremite), Carboniferous, N. America (Fig. XV. 1), appears to be a 
descendant of the American species of Peutremitidea. The chief difference 
is that the side-plates do not cover the lancet-plate, but rest against its 
edge ; thus the ambulacrum becomes much broader and assumes a petaioid 
shape (Fig. Vll. 3, 4). A sub-lancet is developed, as in Orophocrinns; 
hydrospire-folds 3 to 9 according to the species, freely pendent (Fig. VII. 6), 
as in some Pentremitidea ; but in some species the floor of the radial sinus 
meets below the hydrospires at the distal end of the ambulacrum. A 
canal runs between the hydrospires and the side-plates, emerging through 
spiracles which may be single or double ; there is an anal spiracle, as in 
Pmtremitulm. Though limited in geographical and geological distiibution, 
Pentremites has more species and individuals than has any other Blastoid 
genus; for this reason, and because it was the first of its class to be 
introduced to science, it has usually been treated as the type of the Blas- 
toidea. Zoologically considered, however, it merely represents the acme 
of one particular line which thereafter died out. 

We return, therefore, to the Silurian, and take up the beginning of 
another line of development, apparently connected in origin with that 
which has just been traced and not very divergent therefrom. 

TroostocriruiSy Shumard (1866, emend. Eth. & Carp., 1886), Silurian, 
N. America, might be expected from its geological position to be a primi¬ 
tive form ; and that it is such is shown by the structure of the ambulacra 
(Fig. VIII.). The chief differentiation from the Godaster type lies in the 
elevation of the radial processes ; the restriction of all A, except post. A, 
to a very small truncate summit, so that the hydrospire-folds are almost 
entirely formed out of the radial stereorn; the narrowing of the radial 
sinus, so that (as in some species of Phaenoschisma) the side-plates are 
pushed up on to the top of the lancet-plate, while the hydrospire-folds 
are pushed beneath it The outer side-plates are small, subtriangular, 
squeezed out to the edge of the side-plates, with which they alternate ; 
they touch the wall of the radial sinus so that **pores” arc formed 
between them. Tlie hydrospire-folds are midway between the Codasterid 
type and the pendent type; their admedian walls, which support the 
lancet-plate, are thickened, and tend to form “ hydrospire plates,” covering 
the immediately adjacent folds. The canal that runs along above the 
hydrospires and below the lancet and outer side-plates comes to the 
aurface at the oral end through a spiracle bounded by the A and lancet- 
plate, and since the deltoid crests are slight, the spiracles are almost 
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single. The anus opens through the posterior spiracle, i.e. through the 
oral end of post. A ; the position is less primitive than in Codaster, but the 
greater size of post. A seems primitive. MetahlastuSf Eth. & Carp. (1886), 
is represented by doubtful species in the Silurian of N. America, less 
doubtful from Devonian of Europe, and undoubted from Lower Carboni¬ 
ferous of N. America. It closely resembles Troostocriims in form ; but 
the A are all equal, small, and confined to the summit, while the two 



Troostocrinut Reinu'ardti. 1, section across a radius, much enlarged. 2, upper part of 
theca, posterior view. 3, oial surface of theca. Lettering as b«*fore. anus and con- 

lluent spiracles. (2 and 3 slightly altered from Etheridge & Carpenter.) 


posterior spiracles are distinct from the anus. In structure the ambulacra 
scarcely differ from those of Troostocrinus; but the lancet-plate of 

M, lineaius is said to liave three longitudinal canals *.•, the meaning 
of which is not obvious (cf. Sckizoblastus), The base is elongate, and 
triangular in section, w’ith flattened sides. Tricoelocrinu.% Meek & Woitben 
(1868), Carboniferous, N. America, and (?) Queensland (Fig. XV. 2), owes 
its name to three excavations along the interbasal sutures, corresponding to 
the three flattened sides of Metablastiis. A feature of more importance is 
the enclosure of the distal portion of the hydrospires W’ithin the thickness 
of the radial plate ; this is probably due to the upward growth of the 
floor of the sinus, as has taken place, independently and to a less extent, 
in Pentremites. Eleufh€rocriiiiu% Shiimard & Yandell (1856), Devonian, 

N. America, is probably a descendant of Troostocrinus. It has, how'ever, 
lost its stem and adopted some mode of life that has affected its symmetry. 
The place of the stem is occupied by the small r. ant B. The two other 
BB are pushed a little to the side and produced up tlie theca to meet the 
broadened and shortened 1. post K. The remaining RR, with their ambu¬ 
lacra, are much like those of Troosiocrimis and Metablastus; this 1. post. 
R, however, bears a short ambulacrum with only seven side-plates on 
either side, but these greatly widened transversely to the median groove, and 
curved distal wards (Fig. IX.). There are small A, and (apud Shumard) 
spiracles at their oral ends on either side of each normal ambulacrum. 
The anus is stated by Wachsmuth (in Whiteaves, 1889) to lie on the 
right upper margin of the abnormal R, and therefore at the aboral end 
of the A. Sections across the ambulacra (Eth. & Carp., 1886) show a 
lancet-plate with large longitudinal canal, and seven hydrospire-folds, 
arranged as in TroostocnnuSf on either side of each ambulacrum in its 
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upper part ; at the ahoral end of the ambulacrnm the floor of the radial 
sinus comes below the laucet-jdate (cf. Trkoelornnu'i). 

Nticleocriu ?/.«?, Con rad (1842, 
synn, Ehteacnnus, Roeiner, 1861; 
and OlivaniteSy Troost, MS., 
1849), Devonian, North America, 
difl’ers much from the genera 
hiil)erto described (Fig. X.). Al¬ 
though the theca is lofty (often 
olive - shaped) the BB and RR 
reach a very short way up it ; 
the BB and lower part of RR 
are pressed inwanls, and the 
railial sinus receives only the 
distal extremity of the ambula- 
0 !’un. The great* r jiart of each 
ninbulacium lies ))etween certain 
in‘"nadial plates. The posterior 
iiiteiradius contains three such 
plates—a median ])late, at the 
oral end of which lies tlie anus, 
and a plate on either side. These 
lateral pieces meet at their oral 
ends, enclosing the anus, and 
stretch down between the central 
piece and the ambulacra. The 
central inlerradial is smooth, with a meilian vertical ridge; but the lateral 
pieces are transversely grooved, each groove corresponding to a pore 
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b from .nntenor rurliuH, x }. 2, oral \iew, show in" Inive cover- 
Ing.plates over the penstoiue (Irorn Brit Mus. E20), x }. ,% fruin pohtl-no? intermlllns x J 
T*' 1 ^",'‘’‘'"‘*’' *‘^‘'1^''', Wliicli were coiltinnoiiH o\er the fcKw^.groo^♦^ (/</); JJ{, intoritidiai 
pieces , H, radittlH ; gp, Rplmcles ; X deltoidH, tlic liinba of which flank the uinbulacra. 


in the ambulacrum. As regards tlie structure of tlie other inter¬ 
ambulacra there is a difference of opinion. Each contains a Innceo- 
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late central area, witli a median ridge, separated from the ambulacra by 
transversely grooved areas meeting adorally. Some specimens show 
appearances of sutures between these areas, especially at the aboral end. 
Hence Lyon (1857), from the study of many hundred specimens, and 
Billings (1870) concluded that these interambulacra also contained three 
plates, as a rule fused together. Roemer and Etheridge & Carpenter, 
however, believed that there was only one plate, and that the markings 
were merely ornament. The am¬ 
bulacra are narrow ; their struc¬ 
ture is shown in Figs. X. 2 and 
XI. Tliey dip down to the mouth 
underneath a roof of strong plates. 

The liydrosjiires arc pendent, tlieir 
folds reduced to two; they emerge 
through large spiracles, separated 
by the interambulacral plates. 

As for the homologies of the 
thecal plates, those who believe 
that there is only one in each 
interambulacriiin regard that one 
as the A, wliich in tlie posterior 



interradius is split in t\NO by an 
intercalated anal plate. This 
makes Niu'leocrimis a highly 
specialised form, into which is 
suddenly introduced an element 
found ill no other Eublastoid. If, 


Fio. XL 

Section of ankbulacrum of Kw'Jm'rinu^ Vet- 
neuilt, X 10 diam. t).r, bracliiolc; L, lancet- 
]>IatC): o.s V, outer sidc-plate ; hide-pIatc; 
s, tfupposea sutuie between lateral niul central 
interambulacrala. 


liowever, wo accept the view that each interamhulacrum lias essentially 
the same eomi»o.sition, viz. tlirce plates, we are able to institute compari¬ 
sons with Ih’otoblastoidea. These suggest that the true homologues of the 
A ill Xurhvrnnus are the proximal portions only of the plates called deltoid 
hy Ktlicridgc & Carpenter. This latter expluiiation of the structure of 
Nurlrovrinuti permits us to regard it as primitive in all excej't tiie hydro- 
spires, and consists better with its geological age. Svliikohludnn^ Eth. & Carp. 
(l882-8()), Carboniferous, Britain and N. America, i"ay he described 
as a Nucleocriuus in wdiicli tliere is only one plate in each of the inter- 
ambulacra ; this therefore may be called a deltoid, hut may well represent 
the three plates some suppose to exist in Nucleocnnu^if since it preserves 
their peculiar sculpturing. In some species it is of much less relative 
size. The liydrospires, ns in Nncleocrinu,% are of simple structure, with 
one to four folds. In two Anieiioau species the posterior spiracles 
arc separate from the anus, as in Niideocnnus; in othera they are con¬ 
fluent. The plates roofing the mouth, though not quite so stout as in 
Nnclron'i}tus, are usually well preserved. Cryptohlastn.% Eth. & Carp. 
(188G), Carboniferous, N. America, is like a Schkohlastus with small 
A. Tlie hydrosjiircs differ from tho^e of Nucleocrimis and Schhoblastm 
only in the development of liydrospire-plates (cf. Troostocrinus) which 
extend right up the sides of the lancet-plate, 8C|)arating it from the 
folds and from the walls of the radial sinus. But where the A are 
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reached, the lancet>plates abut directly on them, without leaving any 
pores ; the hydrospire-canr’s pass up beneath the lancet-plates, and open 
through spiracles on either side of each A. Orbitremites^ T. &. T. Austin 

(1842, generally known as Granato- 
cnmiSf Hall, 1862), Carboniferous, 
England, N. America, and (?) Queens¬ 
land (Fig. XV. 3, 4). The general 
shape and relations of the plates are 
as in Schizobkistiis and Cryptoblastus, 
Hydrospires the same as in Oi'ypto- 
blastm (Fig. XII.). The hydrospire- 
canals here are surrounded by the 
A, and pass through them to five 
S«t,on of ....Mocnu,. of single spiracles (the posterior confluent 

Koncoodi, xlOdiam. Aj», Itydrospue-plate. With the anus) at the apices of tllC 

A, which sometimes project as short 
tubes. The plates roofing the mouth are minute and usually irregular. 
Heteroblastusj Eth. & Carp. (1886), Carboniferous, England, and (?) N. 
America, differs from Orbitremites in that the hydrospire-canals pass 
beneath the A, and then curve outwards on either side of each A. The 
adoral end of the A is produced upwards as a short stout process. Mcao- 
blastiis, Eth. & Carp. (1886), Carboniferous, England, Belgium, (?) N. 
America and Queensland, differs from Orlntrcmites in that the hydrospire- 
canals are continued upwards over the flattened lateral portions of the 
A, and open at the sides of the A crest. In some species the crest is 
almost ah.sent, and the spiracles therefore almost single. Ace7itrotremiteiiy 
Eth. & Carp. (1883-86), Carboniferous, Somerset, is only known from 
one specimen, hut is a far more distinct genus than those just described 
(Fig. XIII.). The general 



form is that of Orbitremites. 
The hydrospires do not j»ass 
up into the A, hut the canal 
opens immediately on the 
suture between A and R; 
there are thus ten spiracles, 
as in Scliizoblastus Sayi. The 
anus pierces post. A, close to 
its adoral end. The number 
of hydrospire-folds is un¬ 
known ; the inner walls form 



Fio. XIII. 

Transverse section of aiiibulacnuii of Actntwtrrmitei 
ellxptii:ug. 


a structure meeting in the 

median line, and thus like a sub-lancet; but also passing up the sides of 
the lancet-plate, and thus like a hydrospire-platc. The lancet-plate is 
small and perforate; it is covered by small side-plates and large outer 
side-plates. 

PenUphyllumy Haughton (1859), Carboniferous, Limerick, is based 
on a single internal cast. It is said to be unstalked, and this con¬ 
dition, if obtaining, is correlated with the asymmetry shown in the 
slight shortening of one ambulacrum and the slight curve of the 




THE BLASTOIDEA 


91 


ambulacra towards the opposite side. The linear ambulacra, the 
la^e A, and the strictly pentagonal base remove it from the other 
irregular Blastoids, and suggest affinities with the group of genera last 
discussed. Zygocrinus, Bronn (1848, syn. Astrocrinusy T. & T. Austin, 
1843 , nm Conrad, 1840, nee AstcrocrinuSy Munster), Carboniferous, Britain 
(Fig. XIV.). This highly asymmetrical form 
has been elaborately described by R. Etheridge, 
fiL (1876), and by Etheridge & Carpenter 
(1886), but its affinities remain uncertain. 

Its resemblance to Elexdherocrinus lies only in 
secondary characters induced by a sessile life. 

The theca is depressed, steinless, and produced 
into four lobes ; on the shortest of these lies 
an ambulacrum modified much as in Eleuthero- 
crimiSy and towards it the two larger BB 
stretch up as in that genua. The four normal 
ambulacra lie in the depressions between the 
lobes. Three A are large and stretch out over 
the lobes; two arc small and flank the 
abnormal ambulacrum. Anus and spiracles 
unknown. One hydrospire-fold lies on each 
side of the radial sinus, and is enclosed by it 
at the distal end (cf. PentreiniteSy Tricoelocrinus). 

The surface is covered with strong tubercles which bear minute spines 
(cf. Hysiricmius — Arthracanthay p. 158). 

Glassification. —We have now reviewed every known genus of 
Eublastoidea, in an order approximating, as near as our very imperfect 
knowledge of many types will allow, to that of their race-history. This 
seems to show three main branches: one leading from CodasteVy through 
Phaenoschisnuiy to Pentremitidea and PentreviiteSy with offshoots Cnjpto- 
echisimi and Orophocrixius ; the second from TroostocrinuSy through Meta- 
hlastusy to TricoelocrinuSy with the offshoot Eleutherocrinus ; the third from 
NucleocriniLSy through Schizoblastvsy to CryptoblastuSy OrbitreinitcSy Meso- 
hlastusy and HeterohlashiSy with an offshoot AcentrotremiteSy and probably 
Pentcphyllum, Zygocrinus also is perhaps connected with this third line 
of descent. 

The classification of Etheridge & Carpenter does not agree very 
well with the phylogeny here outlined. The erection of an “Order 
Irregulares” is no more likely to be correct for Blastoidea than for 
Crinoidea. With the exception of the Codasteridae, their families of the 
“ Regulares ” are based almost entirely on the relations of the hydrospire 
canals to the deltoids, relations which may vary considerably even in an 
individual, while they take no account of important differences in the 
relations of the hydrospires to the ambulacra. Moreover, in the con¬ 
struction of family names, these authors have contravened the laws of 
nomenclature. 

The following classification attempts to overcome the above objections 
while making as little change as possible :— 

Series A. Codonodlastida. Family 1. Codasteridae. Hydrospire- 



Fio. XIV. 

Zygocrinus liennUi, aftor 
Etheridge & Carpenter, x 10 
diam. Oral view, modified 
food-groove {Amb) towards the 
observer; 0, peristoiiie; Asf, 
a doubtful opening. Other 
letters as usual. 
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folds distinctly portions of the thecal plates, coming to the surface of the 
radial sinus. No distinct hydrospire-canal or pores ; spiracles developed 
imperfectly or not at all. Genera— Codaster^ Phaenoschuma^ Gryptoschisma^ 
OraphocrinuB, This family coincides with that of Etheridge & Carpenter. 
Family 2. Pentremitidae. Hydrospire-folds, usually numerous, concen¬ 
trated at the lowest part of the radial sinus, and partly or wholly pendent 
Hydrospire-canal opens through spiracles bounded distally by side-plates. 
Base convex. Ambulacra rather broad. Genera— Pentremitideay Pentr^ 
mites. This equals the Pentremitidae of Etheridge & Carpenter, minus 
MesoUasius. 



Fw. XV. 

Thecas of typical Blastonh. \,o.Co^on(th\tiHiu\—Pent) tmUea robust ns (from Brit Mus. E814&). 
2, a Troostoblastid— Tricoelo'rinus v'ootlmnni (from Bnt. Mum. ESITl). 3 and 4, a (jianato 
blastid— Orbit) unites orbicularis (from tho type-specimena, Bi »t. Mus. E8130). 3, from the side. 
4 , from below, with posterior iiitcrradius uppermost. All tigurcs nat. si/e. 

Scries B. Thoostoblastida. Family 1. Troostociunibae. Elongate 
forms with linear umbulucra descending sharply outwards from the much 
restricted peristome. Hydro.'^pire-folds only slightly concentrated, but 
communicate witli exterior through pores, and through spiracles bounded 
by A and lancet-plates. Genera —TrrmtocritiuHy Mrfahtdsfusy Triroelocritiiiti. 
T^is equals the TiooMdatiUdac of Etheridge & Carpenter. Family 2. 
Eleutherocrinidae, Elongate, steiuleas, asymmetrical, with four narrow 
ambulacra, accompanied by iinconcentraled hydro.spircs. Fifth ambula¬ 
crum shortened and widened. A minute. Genus —Klf UtlurocrntHn. 

Series C. Granatoblastida. Family 1. Nuclkockinidaio. Interam¬ 
bulacra show traces of a piimitive triad of plates. Ambulacra linear, and 
stretching far down the theca, wliich is ovoid. IIy<lrospiie-folds few and 
pendent. Spiracles double. Mouth roofed by large plates lirmly united 
into a tegmen. Genera— Nucleocrinusy SchMlastus. This family equals 
Etheridge & Carpenter’s Nucleoblastidae, minus GruptohUistus and Acentro- 
tremites. Family 2. Orbitremitidae. Theca globular with concave or 
flattened base. Ambulacra linear, stretching down to concavity of base. 
Hydrospire-folds few and pendent; a hydrospire-plate always present 
(unknown in Hetcroblastus). Hydrospire-folds rarely penetrate A, but long 
canals pass onward, through, beside, or under them, except in Acenfro- 
tremites. Genera —OrhitmniteSy Cnjptohlastus^ HcterohUiMuSy McsolhisttKy 
Acentrotremites. This corresponds to Etheridge & Carpenters Granato- 
blastidae, plus Gryptohlastusy Mesoblastusy and Acentrotnmites. Famit.y 3. 
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Pentephyllidae. Theca subpentagonal, steinless; HR asymmetrical. 
Ambulacra linear, stretching down to base. One shorter than the rest. 
Genus— Penfephyllum, Family 4. Zygocrinidae. Theca depressed, stem¬ 
less, asyiniaetncal, quadrilobate. Four ambulacra between the lobes, 
accompanied by a single hydrospire on either side. Fifth ambulacrum 
shortened and widened. A large. Genus— Zyyocrinm. 

A Bibliography of the Eubliistoidea was given by R. Etheridge, jun., 
and P. H. Carpenter, “Catalogue of the Blastoidea in the . . . British 
Museum,” Loudon, 1886. A complete index of names with references 
to literature is furnished by F. A. Bather, “ The Genera and Species of 
Blastoidea, with a List of the Specimens in the British Museum,” London, 
18D9. For other references see Xos. 16, 17, 25, 27, 30, 34, 38, 45, 50, 
60, 61, G!), 71, 73, 75, 76, 77, 78, 82, 84, 85, 94, 95, 96, in the list at 
the end of Pt*lmato/oa (p. 211). 




CHAPTER XL 


THE CKINOIDEA.^ 

CLASS III. CRINOIDEA, Miller (1821) 

( = Crinoidea brachiata, AmH. veterum; Eucrinoidea, Zittel, 

1879). 

Sub-Class 1. Monocyclica. 

Order 1. Inadunata. 

„ 2. Adunata. 

„ 3. Camerata. 

Sub-Order 1. Melocrinoidea. 

„ 2. Batocrinoidea. 

„ 3. Actinocrinoidea. 

Sub-Class 2. Dicyclica. 

Order 1. Inadunata. 

Sub-Order 1. Cyathocrinoidea. 

„ 2. Dendrocrinoidea. 

Order 2. Flexibilia. 

Grade 1. Impinnata. 

„ 2. Pinnata. 

„ 3. Camerata. 

Pelmatozoa in which epithecal extensions of the food-grooves, 
ambulacrals, superficial oral nervous system, blood-vascular and 
water-vascular systems, coelom, and genital system are continued 
exothecally upon jointed outgrowths of the abactinal thecal plates 
{brachia), carrying with them extensions of the abactinal nerve- 
system. The number of these processes is primitively and norm¬ 
ally five, but may become less by atrophy. The brachia rise from 
a corresponding number of thecal plates, “ radials (RR).” Below 
these is always a circlet, or traces of a circlet, of plates alternating 
with the radials, i.e. interradial, and called “ basals (BB).” Through 

> By F. A. Bather, M.A. 
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all modifications, which are numerous and vastly divergent, these 
elements persist. A circlet of radially situate infrabasals may 
also be present. Below basals or infrabasals there follows a stem, 
which, however, may be atrophied or totally lost. 

Although many Rhombifera simulate Crinoidea in the penta- 
merism of the theca or the possession of exothecal extensions of 
the food-grooves, yet in none are those extensions supported by 
plates that are clearly outgrowths from the abactinal system of 
thecal plates; in none is there the intimate correlation between 
brachia and radialia that obtains in the Crinoidea. This class 
therefore cannot be derived from the Rhombifera, as many 
structures might otherwise lead us to suppose; the presence of 
brachia also forms a clear distinction between it and Diploporita 
and Blastoidea. A further difficulty in tracing the origin of the 
Crinoidea is furnished by the occurrence of perfectly developed 



Fio. I. 

Analysis of the cup aiui brachial elements of llyhocyttu prohUmaUcut. The outlines of the 
food-grooves (r*;) are dotted. 

species in the Lower Cambrian, while representatives of all crinoid 
orders are plentiful in Ordovician rocks. Further research, how¬ 
ever, may throw back the origins of other Echinoderm classes; in 
any case, negative evidence when Cambrian rocks are concerned 
counts for little. 

Certain features in some of the older Crinoidea seem to throw 
light on their ancestry. Such are the presence of hydrospires, 
comparable to those of Cadaster, in Carabocrinus (p. 172) and 
Hyhocrims (p. 145); the presence in these and other genera of 
well-developed deltoids (A), over the edges of which pass the ambu¬ 
lacra, while the posterior A frequently shows signs of a bydropore 
(Fig. XXXVI.); the absence of a brachium from certain radials in 
Baerocrinus (Fig. LVII. 4); the greater development of three radials 
in many Inadunata Monocyclica (see p. 144). We are thus led to 
a form not unlike that which is^ actually presented by Hybocystis, 
Wetherby (1880), from the Ordovician of Kentucky (Fig. L). 
This has 5 large subequal basals, 5 radials, and 5 deltoids. The 






96 


THE CRINOIDEA 


anus lies between the posterior A and the radial circlet, being 
separated from the latter by a special anal plate (x). The right 
posterior radial is transversely bisected ; its upper smaller portion 
(Rs) being pushed a little to the right by x. The striking 
peculiarity of this form is the continuation of the food-grooves 
over the thecal plates, as in Diploporita and Blastoidea. In the 
right and left antero-lateral rays these pass over the edges of the 
deltoids, over the radials, on to the underlying basals. In the 
anterior and the right and left posterior rays there are two ossicles, 
each as high as wide, supported on the summits of the radials; 
the grooves pass between the deltoids, over these ossicles, down on 
to the outer surfaces of the radials. These ossicles form exothecal, 
jointed outgrowths of the abactinal thecal plates ; a deep notch on 
their inner surfaces, leading into the cup by a hole between the 
deltoids, suggests that they bore, besides the ambulacral stnict\ires, 
also extensions of the abactinal nerve-system. Therefore, although 
incipient, they constitute true brachia^ such as are found in no 
Echinoderma except Crinoidea, and they show us the probable way 
in which brachia originated. Hydrospires have not been described; 
but, considering their occurrence in the closely allied Hijhocnnus 
(Fig. XXXVI.), they are likely to be found along the radio-deltoid 
sutures, as in Cadaster, Brachioles fringing the grooves do not 
seem to have been present, nor has a lancet-plate been observed. 
These facts, as well as the five basals, prove that Utjhoci/sfis is not 
an offshoot from Eublastoidea, as indeed its geological a^e forbids ; 
but it may well be derived from early forms of Protoblastoidea. If 
Ilyhocystis be admitted as actually ancestral, then the development 
of brachia in only three rays sheds light on corresponding irregu¬ 
larities of development in many simple and ancient ci inoids, connect¬ 
ing them in this respect with primitive Cystidea (see pp. 11, 53). 

Another form suggestive of the connection of the Crinoidea with 
the Blastoidea is Stephaiiocrinus, Conrad (1842), Silurian of N. 
America and England. C. F. Koemer (1851), Joh. Muller (1853), 
and Pictet (1857), regarded it as a cystid; Etheridge & Carpenter 
(1883) and S. A. Miller as a blastoid; Dujardin & Hup6 (18G2) 
and Hall (1851) as a crinoid; Zittel (1879) as doubtfully a 
blastoid. Wachsmuth & Springer (1886) proved the presence of 
brachia, which make it unquestionably a crinoid, but said, “It 
agrees by its oral and anal pyramid with certain forms of the 
Cystids, while in its general habitus and in the position of the 
ambulacra it agrees with the Blastoids.” Stephanocrims (Fig. 11.) 
has 3BB, 5RB, and 5A, arranged as in Eublastoidea, especially 
Codasteridae. The radial processes are often prolonged into s{)ear- 
like spines one in each interradius. Each ambulacral groove lies 
in a deep sinus between the deltoids and radial processes, and it is 
continued on to an arm, which rises from a single brachial at the end 
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of the sinus, and immediately bifurcates, the groove forking with it. 
The edges of the deltoids meet beneath the groove, but a space for the 
mouth (“ peristome ”) is left in the middle. This space, as well as 
the whole groove, is covered by ambiilacrals ; these often fuse into 
a single plate on either side the groove, where it passes over the oral 
surface of the theca, and form five plates, likewise often fused, over 
the peristome (P). The anus is between posterior A and the adjacent 
radial processes, and is closed by a valve of four to six small plates. 
Certain pits in a similar position in other interradii possibly are 
atrophied hydrospires (A). The ornament of the cup-plates is strongly 
reminiscent of that in Eublastoidea; but there are clearly marked 
axial folds passing up from the basals to the arm-facets, perhaps due 
to the greater development of the abactinal nerve-system in the 
brachiate form. There were neither brachioles nor a lancet-plate. 
Stephanocrinus undoubtedly belongs to the simplest and most 
primitive group of the Crinoidea, and it is hard to believe that its 


Fia. II. 

StephanocnniLs anffulatus. l, 
from anU»nor radius, x 2 diani., 
2, from oral surface, x 4 diam 
(from lint. Mus K6715) anus, 
covere<I by plates; Aj, axillaro, 
from which are supiKisinl to spniis 
two arm-rami; iir', position from 
which these spring, lietween 
spines formed by radial processes, 
broken olf in 2, and showing (/<) 
HupiKiHed atrophied hydrospiies; 
P, large covering-plates over the 
peristome, which is surrounded b> 
the flve orals or deltoids (0). 



remarkable resemblances to Eublastoidea are merely homoplastic, 
especially since the position of the small basal is not one which 
usually occurs in other Crinoidea that have fused basals. 

However the crinoid or brachiate stage in the history of the 
Pelmatozoa may have been reached, it will be useful to recapitu¬ 
late here the common pelmatozoic characters as well as those 
distinctive of the Crinoidea, as manifested in a nomal crinoid of 
simple structure. The specialisation of those characters will be 
shown historically in the systematic part; but since many 
structures have been produced or modified in the same way more 
than once, a general account of the processes may be given here. 
We can speak more decidedly on questions of development and 
internal anatomy in this class, since the differences between extinct 
and recent genera are not such as to hinder interpretation. 

A normal Crinoid was thus described in 1821 by J. S. Miller, 
the founder of the class: “An animal with a round, oval, or 
angular column, composed of numerous articulating joints, 
supporting at its summit a series of plates or joints forming a 

7 
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cup>like body containing the viscera, from whose upper rim 
proceed five articulated arms, dividing into tentaculated fingers, 



more or less numerous, surrounding the aperture of the mouth, 
situated in the centre of a plated integument, which extends over 
the abdominal cavity, and is capable of being contracted into a 
conic or proboscal shape. Some species of these animals aseer- 
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tained to be permanently attached to extraneous bodies, whilst 
others appear to have been capable of locomotion.” So little is 
amiss with this description, that we need do no more than trans¬ 
late it into modern terminology, as follows ;— 

A normal Crinoid (Fig. III.) consists of a “ crown ” {corona) 
attached by its dorsal {Le. aboral) extremity to a “ stem ’ {columna)^ 
which is fixed to the sea-floor or to some solid body by a “ root ” 

(radix). The crown consists of a them (or calyx, in the sense 

of Wachsmuth & Springer) containing the viscera, and of 5 
“ arms ” (brachia\ which may be more or less branched. That 
part of the theca below the origins of the free arms is called the 
“ dorsal cup ” (or shortly “ cup ”); that part above the origins of 
the free arms, i.e. the oral surface, is called the tetjraen (sometimes 
“disc,” sometimes “vault,” between which a distinction erroneously 
used to be imagined). The skeletal and many of the other 

systems have a radiate arrangement, of which 5 is the dominant 
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Fio, IV. 

Iiiia^inury analyaeti of the btructure of the dorsal cup ui t^%o simple types of Cnnoid. 


number. Thus the whole animal can be divided into 5 cor¬ 
responding and almost symmetrical sections, “ pentameres,” by 
5 imaginary “ perradial planes,” starting from the vertical 
dorso-ventral axis and passing through the origins of the arms. 
The skeletal elements are either perradial or interradial in 
position. 

The Dorsal Cup in its simplest form is composed of 2 or 3 
circlets of 5 plates, those in one circlet alternating with the 5 in 
the adjacent circlet (Fig. IV.). Of these the most important are those 
that support the brachia, ami to them the term radialia (RK) is 
restrict^. The interradial plates below these are called bascUia 
(BB), since in many crinoids they form the base and rest on the 
stem. In some crinoids a circlet of perradial infrabasalia (IBB) 
occurs beneath the BB (which latter are then called paralMsalia 
by some writers). The former type of base is called “ monocyclic 
the latter “ dicyclic.” 

The Tegmen in its simplest form is likewise composed of 5 
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plates, deltoidea (A), here regarded as synonymous with oralia (0), 
alternating with the RR (Fig. V. 1). But there are nearly always 
also present “ ambulacralia ” (Amb or c.p), covering the grooves 
that lead between or over the apposed edges of the A to the 



Fio. \ 

Thi-ec staples in the e\olulion of the Tegmeii. 1, oiaU only: 2 orals uinl auihulaci-als ; 
8, Onla, ambulacrals, and enlaigtHl iiuristoinial ambulacmlH. 

brachia (Fig. V. 2). The mouth is either beneath the A or in a 
space between them; in the latter case it is covered by ambulacrals, 
often 5 in number and iiiterradial in position, and taken to be 
orals by some writers (P in Fig. V. 3). The posterior A in many 
primitive forms seems to have been pierced by a 
hydropore, the walls of which may be folded so as 
to form a madreporite (cf. Stelleroidea and Echi- 
noidea). The anus (As) lies betw^een post. A and 
the adjacent RR, and is closed by a valvular 
pyramid, often surrounded by, or raised on, small 
plates. 

The Brachia in their simplest form consist of a 
series of ossicles called hrachialia (Br), which con¬ 
tinue straight up from the radials (Fig. VI.). The 
surface of the radial to w'hich the proximal brachial 
is attached is called the “radial- or arm-facet.” 
Each brachial is rounded on the outer or dorsal sur¬ 
face, and grooved on the inner or ventral surface. 
The ventral or brachial groove contains the follow- 
A s^pie, on* jjjg gQft parts, taken in order from ventral to 
^^yftocrfnw. A, dorsal (Fig. VII.). On the surface, the food-groove 
3Iiai; r.^’covJri (J'9\ Bned with ciliated epithelium (<?/), which directs 
blfiacrai^* ^ ^ Stream of water towards the mouth; an epi¬ 

thelial nervous band (nl) stretching from the 
superficial or oral nerve - system; a blood-vessel (6), “radial 
pseudhaemal canal”; a water - vessel (u;), which gives off tubes 
(p) to a series of podta or “tentacles” (f) that fringe the 
food-groove and subserve sensation and respiration; two “sub- 
tentacular canals ” (s./.c), extensions from the body-cavity; a canal 
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containing the genital cord or rachis {g.c ); and a “ coeliac canal ” 
(c.c). On either side of the water-vessel, beneath the tentacles, is a 
senso-motor nerve («2), giving off branches to the muscles of the 



Fio. VTI. 

of solul sort ion of a Ci inonl arm. For pyplanalion of lottors soe adjoiniPR to\t. 


water-canals and to sensory papillae (.s) on the tentacles. Below 
all these, in a special groove on the very floor of the main brachial 
groove, lies another nerve, the “ axial cord (a.c), proceeding from 
the aboral or dorsal motor nerve system ; the groove in which this 
lies is often (as in Fig. VII.) separ¬ 
ated from the brachial groove 
during individual development 
by an outgrowth of stereom, and 
is then known as the “ dorsal ” or 

“axial canal” (Fig. VIII.). The «« tlip »epnration of an axial o.inal, 

axial cord sandfl off branches (nVi brnchials of GimyrHnu^ nnnu\- 

axiai corn senas on nrancnes i is yonngt^st; 4 , oMpst. x rMium. 

to all the muscles of the arms, 

and to supposed sensory endings in the ectoderm {ed\ and is con¬ 
nected with the subtentacular nerves. All these soft structures 
in the ventral groove are protected by covering-plates {c,p\ also 




2 .S 
Fio. Vin. 
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Fig. IX. 


Ambulaomls. 1, \pntral mow of 
two brachials of Gu‘SOcnnu<t .'^pKivn- 
ftr, with c.p closod abovo ami re- 
movod b«*Io\v, x S «li.nn *2, sido viow 
of bi'achials of Antedon Ixuto 
with c j) ofHMi, o\i>osing tontaclo.s (t ); 
c.p an* sopmrtoti on sido-platoH or 
adambulacrals («.p), Ix'twoori which 
arc aeon iiotcho*, foi saccnli (p 137), 
X 15 diani. 


called ambulacrals ” (Amb), which can open or close as occasion 
demands (Fig. IX.). 

We may now trace the various 
extensions of the Body Systems into 
the Thecal Cavity. 

The food-grooves and associated 
structures, except the axial cord, i^ass 
over the tegmen to the mouth, into 
which the food-grooves drive their 
streams of water. The mouth leads 
into a gut, which makes a dextral coil 
down to the bottom of the cup, and 
then rises along the side of the cup to 
the anus; this system, then, is not 
affected by radiate symmetry (see 
Fig. VII. p. 9). 

The epithelial nerves on the floor 
of the food-grooves also pass to the 
mouth, where they join an epithelial 
ridge encircling the mouth; from 
this “oral ring,” nerves pass to the walls of the gut. The 
paired subtentacular nerves run down to a subepithelial, 
“ circumoesophageal nerve-ring,” below the oral nerve-ring. From 
this ring proceeds, in each interradius, a pair of nerves which 
innervate the tegmen and the mesenteries of the body-cavity. This 
nerve-system is connected with the aboral nerve-system in a manner 
explained below. 

The radial pseudhaemal canals join a “ pseudhaemal ring ” 
round the oesophagus beneath the oral nerve-ring; these stn.jtures 
are hard to distinguish, and even in other classes, where they are 
better developed, their origin is not yet clear. There is, however, 
surrounding the oesophagus a “ lacunar plexus ” belonging to what 
is generally called the blood-viwcular system. The circumoeso¬ 
phageal ring is connected with two vascular trunks leading from 
the plexus that surrounds the intestine and that absorbs nutrient 
substances therefrom; these substances appear to be worked up 
into corpuscles by a “spongy organ” in the oesophageal ring. The 
ring is also connected with a plexus that passes down the vertical 
axis of the theca, through the coil of the gut, to the base; this 
surr^nds the “ axial organ ” {vide infra), 

^^he water-vessels (perradial ambulacral canals) meet in a 
circumoesophageal water-vascular ring {hydrocircus); these struc¬ 
tures have longitudinal muscle-bands, as well as muscle-fibres 
traversing the lumen; no ampullae or valves are differentiated, 
as they are in forms where this system has a locomotor function. 
In so simple a crinoid as is here in question, there is good reason to 
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believe that the water-ring opened into the body-cavity by a single 
ciliated canal in the posterior interradius; and that the body-cavity 
communicated with the exterior by a single hydropore in post. A, 
sometimes merged in the anal opening (as probably in Blastoidea). 
This system was not as yet completely affected by radiate sym¬ 
metry ; but in some forms it became so by the development of a 
similar canal with corresponding hydro¬ 
pore in each of the other interradii (Fig. 

X., compare Figs. XXXIV., XLVL, and 

The two subtentacular canals of each 
arm enter a division of the coelom that 
passes down the vertical axis through 
the coil of the gut, and is known as the *■“' 

“axial sinus.” The dorsal coeliac canal 

passes into a division of the coelom that ''‘t'‘«'adius(x iwo Himi.iiM.d from 
surrounds both axial sinus and gut, and connoctiv.'Hs*.!!?!]!!!.***; f;, wuii of 
is called the “ pen - intestinal cavity. r»f,soi.iupjs, jH.r. , ? c, rui« 
The remainder of the coelom, surround- ^‘‘tone 

ing the latter, is called the “subtegu¬ 
mentary cavity.^’ All these divisions of the body-cavity arc 
lined by endothelium, and are separated from each other, as 
well as penetrated, by connective tissue, in which spicules are 
often richly developed. From the peri-intestinal cavity, at its 
aboral end, there are in this way cut otf five chambers, which 
surround the axial sinus, and are themselves covered on all sides 


by epithelium, containing ganglion-cells and nerve-fibres ; the 
whole structure is called “the chambered organ” (see Fig. XX. 
p. 24). 

The genital rachis of each arm is connected with a complex of 
twisted, fine canals, called the “axial organ” (see p. 23). This 
passes down the axial sinus, widening in the middle of its course, 
and then narrowing to a thin strand as it passes between the 
five chambers just mentioned. 

The axial nerve-cord of the arm does not, as all the organs yet 
dealt with, pass to the oral centre, but enters the Jbheca over 
the radial. If there is a separate axial canal, it may be continued 
through the radial facet into the substance of the thecal plates. 
The cords ultimately pass into the epithelial covering of the 
chambered organ, but their pissage is not a direct one (Figs. XI. 
and XII.). !l^h cord is really a double structure, connected 
at intervals by chiasmas, and so soon as it enters the radial it 
divides into two branches, one of which proceeds to the basal on 
the right, the other to that on the left. In addition the branches 
are connected with each other and with those of the other radii by 
a series of commissures that form rings all round the cup. One 
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such ring is at the level of the radials. If the crinoid have a 
monocyclic base, the cords that pass to the basals join one another 
in a ring immediately surrounding the chambered organ, the 



Course of nxuil Hfi ve-oor<ls m Iscm rinus. from sections tlKuretl by P. U. 

Carpenter, it, basal, if, nwlial; nx, axial ori:nii; cA, live diamlx’rs ot clminb»*rpd organ; nl, 
tipr\e-nml from /! to A'; »i2. coni passing down A*. «3, cord from A’ to radially placed lobes of 
chambered organ. 


lobes of which in this case correspond with the basals, i.e. are 
interradial. If the base be dicyclic, the ring forms a commissure 
at the level of the centres of the basals; and from these points 



Fill. xn. 

CotiTse of axial nerve-corda in Dicyclic (fJ), Paeudomonoeyclic (P)« And Monocyclic (If) 
Crinoidc. c.o, lobea of chambered organ, the connecting nervous aheath omitted for greater 
clearness; r.c, ring coinminHure in radialH; other letters ss usual. 


the cords again fork towards the adjacent infrabasals, where 
they join in another ring round the chambered organ, the lobes 
of which in this case correspond with the infral^sals, i.e. are 
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radial. Nerves from these cords are given off to the stroma of 
the cup-plates. This system, as experimentally proved, chiefly 
by \V. B. Carpenter (1876 and 1884), in opposition to the 
scientific opinion of his time, is a senso-motor nerve-system, 
governed from the nervous capsule of the chambered organ. 
By means of the commissures the motion of all muscles is cor¬ 
related. Primitively the cords lie on the inner surface of the 
cup; they then become bordered by ridges of stereom, and 
Anally enclosed within the cup-walls. Branches from these nerves 
unite with the interradial nerves that proceed from the circum- 
oesophageal nerve-ring. 

To turn to the Stem. We have already traced its probable 
origin as an evaginatio!i of the many-plated theca of Amphoridea, 
and the gradual introduction of order into the irregular plates (p.48). 
In the pcntamerous Crinoidea, these naturally became subjected to 
pentamerism ; and evidence of many of the older crinoids show s that 
the ])lates were at first hexagonal and arranged in alternating circlets 


ri(.. .xiii. 

ENOlution of P<Milnnn>nsm m th«* 
l,juiiithurfao« of a colutnnalcom- 
1 M)S (‘<1 of hoctmiis, wlncli 
uilh Ihe of thi* , 2, 

iwrtioii ot a st*'ni cornposfd n! hexag¬ 
onal nltematmg philt**!, whirli m H 1h‘- 
coino arniiigwl nion* detliiitely m hoii- 
/ontal nmH, 4, ('ontniiuince of llio 
process resullM in colnrnnalsof 
taiiieres. The Jignr«’> are of Botryo- 
crtriM stems (aaer UaihiT). 



of 5, just as plates of the theca (Fig. XIIL). The next stage was 
that in which the plates no longer alternated, but were arranged in 
horizontal rows divided by five longitudinal sutures. Finally, the 
pentameres of each row became fused to form a “ columnal,’* still 
pierced by a wddc lumen. This regularity was perhaps connected 
with the extension into the lumen of a vessel from each of the Ave 
lobes of the chambered organ, with its nerve-sheath (axial cord); 
the Ave cords surrounded a prolongation of the axial organ. In a 
monocyclic crinoid the axial cords would be interradial, as are the 
lobes of the chambered organ, while the pentameres would alternate 
writh the basals and be radial. In a dicyclic crinoid the cords would 
be radial, the pentameres interradial. The exterior angles of the 
stem usually correspond with the pentameres, but not always. 
The cirri, or side-arms of the stem, correspond, for reasons that 
will appear presently, with the axial cords. The lumen of the 
stem is often split up into grooves by ingrowths of stereom; and 
these grooves primarily contain the axial cords, and may even form 
closed canals containing the cords, but this correspondence is not 
inevitable. The so-callefl “law of Wachsmuth & Springer,” 
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summarised in the annexed diagram (Fig. XIV.) and table, is in itself 
empirical, applicable only to pentagonal stems or lumens, and even 
then liable to exceptions (marked * in table); but by attending 


DICYCLIC 



Fk. XIV. 


MONOr'^ CLIC 


Companson of the Djcyclic nnd Moiiocjclic base, /i, Uisal; /ir, brachiah innrkiiiK the five 
rays ; ct, eirri, only three out of the luo are sho\M» . n*, i>putain»‘rrs of erdumn , lit, tnfnibasal ; 
n, nerves going to cirri from extensions of capsule; II, rtilial: .s, sutures Isdwceii iieiita- 
meres of st**rn. 


(as is here done) chiefly to the relations of the axial cords, we shall 
have a surer guide for discrimination between monocyclic and 
dicyclic crinoids in the many doubtful cases that occur. 



l)l( YCI-K'. 

MoNOt\CI.IC. 

BB [lobes of capsule in Monocyclica]. 

Interradial 

In ten adial 

IBB [lobes of ca|).sulc in Dicyclica] 

Radial 


Pentameres of stem (p) 

Interradial 

Radial 

* Outer angles of stern . 

Internulial 

Radial 

Vertical sutures of .stem (si 

* Radial 

Interradial 

* Sides of stem . 

i Radial 

Interradial 

* Angles of lumen of stem 

! Radial 

1 

Interradial 

Cirri, when present (c) 

> Radial 

Interradial 

[Axial cords] . 

’ Radial 

1 

Interradial 


The primitive crinoid is attached by the distal end of its stem; 
and it is supposed by many, from the evidence of the embryo 
AfUedon (Fig. XV.), that there is developed at that point a special 
fixing plate, to which they apply the term “ dorso-central,” which 
must not be confused with centro-dorsal ” (see especially the 
writings of P. H. Carpenter). Palaeontology does not lead us to 
regard such a structure as primitive, or to ascribe to it any morpho< 
logical importance. As a rule, skeletal growth takes place at the 
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distal end of the stem after two main plans: (1) Deposition of 
solid, unjointed stereom, around the distal columnals, forming an 
encrusting plate or mass (Fig. CXIII. 2); this 
occurs on rocky bottoms. (2) Outgrowth of jointed 
branches from the plated end, forming “radical 
cirri,” often with traces of polymeres like those of 
the primitive stem, often very long and branching 
again, and always with a lumen which contains 
an extension of the axial cord (Fig. CXVI.); this 
is adapted to a muddy bottom. The radical cirri 
arise from the vertical suture-lines of the stem, by xv 

the intercalation and outgrowth of small plates, 
and the extrusion of the axial cord (Fig. XVI. 3). At/a, aocr wyMiit*- 
In the course of race*history the cirri gradually ap- rr./,fascicularst*TPoni 
IXMir higher and higher up the stem (Fig. XVI. 1), 
and at the same time become shorter, more mobile, 
and eventually arranged in whorls (Fig XVL 5). At these levels 
the axial cords of the stem swell out, forming a repetition of 
the chambered organ (Fig. XVI. 4). 

The columnals are rarely all of the same height; certain con¬ 
spicuously larger ones, including those that bear cirri, are termed 




Evolution of cirri. 1, part of stem of a Silurian crinonl «ith larp', lu'anchinj; cirri (Brit. 
Mum. E1354). 2, Hcction across atcin of a Cui Ix^nifenms crinoid, .showing; branoli fnirn axial 
canal to cirrus (Brit. Mns, E(J70S). 8, root of Ittxr\/crt}nu<, with cirri oripinatnu; lietwocn 
pentnincrcs (nioditled from Wachsmuth tV Spnngcr). 4, section across sUmh ot I-rn'mius 
lyiinllC’l hnvi'^oiti at h’vi'l of ciirns-whorl, the central ixirtions ilispn^portion it-»*l) enlarge<l 
for greater cleanieMS. 5, part of «t«ui of />ncri«Ns with cun in whorls ot ll\e. 


“nodals”; those between them “ internodals ” (Fig. XVII. 1). 
Nodals are the first columnals to be formed during growth; 
iiiternodals are subsequently intercalated between them, and 
again fresh intornodals between the first formed internodals, and 
so on. Fresh nodals are developed at the proximal end of the 
stem, 80 that in that region are more nodals, while distally are 
more internodals (Fig, XVIL 2 and 3), In one type nodals are 
introduced immediately beneath the base of the cup, so that the 
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proximal columnal is always the youngest. In another type the 
proximal columnal is one of the first formed, and remains attached 
to the cup, new nodals being introduced below it (Fig. XVII. 
4-7). This proximal columnal is called article basal by P. de 
Loriol, and “ centro-dorsal ” by others, erroneously. It is here 
called the proximale. 

The Connection between the Elements of the Crinoid Skeleton 
is primarily by means of the fibrils of the stroma in which they 
are deposited. This condition persists in the “ primitive suture,*^ 
and from it development proceeds in the direction of either 
greater rigidity or greater flexibility. Towards rigidity wo have: 
(1) “Close suture,” in which the fibres are short, and their ends 
surrounded by denser layers of stereom on the apposed surfaces of 


4 



1 2 3 6 


Fi.. x\ir. 

The RelatioiiHof the .Stem. 1, ]K)rtion of oi f!n<<tr(X'ri7iug jtfitufun (mwljtlwl from Jaekel), 
U 16 latest fonned columnals are numbered 1, the oldest (J ; and (! iMVir (‘irri. ‘J, proxiiitnl, and 
SflisUl, regions of stem of /Mocrtuna decorum (ot. 5 in Fig. (’I ). »», ihmIaIh (nuHlitU‘d lioni P II 
Carpenter). 4, proximal region of stem of /utrr/nn^t (nitf'i \\;u*isnmth vt Springfi), show¬ 
ing infrabasals (iff) fused to proximale (iO- proximale of .!]>»>•. / nuts elcm>i9, Defi., show mg 
depreasiona for iH: (Writ. .Mua. KdTll) 0, cup ami part of m cd’ .1 Hhowiiig 

{MTOXifiialeand other »’iilarg(sl columiialH (liased on Brit Sins. Ki>7(Vi aiut E0710) 7, poilion of 

cup and stem of AfiUencnnnn polydaetJfltf^ (iiumIiUhI from T. de Loriol), ^howlllg minute 
inrrabnsals atUched to proxim.ile, also new columnaLs funning (/). 

the ossicles, which are thus closely and immovably fitted together, 
though separable by alkalies. (2) “ ^yzygy,’^ a special case of close 
suture between brachials or columnals (Fig. XVIII. 2, 3, and 4), 
in which the upper o-ssicle, “epizygal,” bears a pinnule or cirri, 
as the case may be, and the lower one, “ hypozygal,” bears none. 
(3) “ Anchylosis ” or fusion, when two ossicles are immovably 
cemented by an unbroken deposit of stereom, which, however, 
is less solid than that of the plates themselves. Towards flexibility 
we have: (1) That form of “loose suture” in which the stroma- 
fibrils lie at right angles to the suture, and the stereom is thrown 
into corresponding folds (cf. pore-rhombs of cystids), or that form 
in which there is a slight facet, either smooth or striated (Fig. 
CXI. 3), or interlocking crenulations (Fig. XVIII. 1). (2) “ Imper> 
forate articulation,” in which there is a slight facet, or a toothed 
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articular surface (Fig. XVIIL 5); the fibrils are at first developed 
into elastic ligaments, and later into true muscles. (3) “ Perforate 
articulation,” in which there is a highly developed facet, with fulcral 
ridge, ligamentar depressions, and muscles innervated from an axial 
cord which perforates the ridge (Fig. XVIIL 6). 

In such a simple crinoid as that under discussion the cup-plates 
would be united by close suture; the tegminals, probably by 
primitive suture, or loose suture of the rhomb type; the brachials, 
by imperforate articulation, perforate being a later development; 
the columnaU, by loose suture of the striate type. 

The Skeletal Elements of a crinoid may be thus classified • 
“ Primary Elements,” the first to be developed in both ontogeny 
and phylogeny, divided into — “ abactinal,” developed on the 
right or aboral coelom, and directly innervated from the chambered 


Fu- Will. 

Forma of Joint. 1, Mutural mar¬ 
gin of cup-i)Iat*i ol Marisu}ntet> 
(original). 2, bi<u hial^ fioin duraal 
Hnl«, X 10. 8, <litUi liuni voiitnil 
Bule, X Y- ‘bstal face of lllir^, 
a h>(Mj/ygaI, x V* (-. 8, ami 4 are 
of hifitin, afU*i W. B. Cai- 

]>fiitci ) f>, artu-ulai facet of nidwil 
of i'MornniM olluUi, x 8 (aft»T 
Bather). 0, articular facet of radial 
of ahlrichianuH, x s 

(after I*. H. Car|x*nter). a<, axial 
canal for nerve; dl, <lorsal liga- 
iiuMit, /, fulcral ridge; il, inlvr. 
articular ligament ; vt/, muBcle 
foHHa; n, notch for axial nerve, 
}), ])iiinulo; pinnule-facet, \ 
ay/ygy. 


organ, viz. columnals, cirrals, IBB, BB, RR, Br, and pinnulars 
(vide infra ); “ actinal,” developed on the left or oral coelom, and 
connected with the various oral ring-systems, viz. A (orals) and 
ambulacrals (Chapter VIII., Fig. X.). “Secondary or Supple¬ 
mentary Elements,” which may be intercalated between the primary 
pieces; these have not yet been discussed; they include “ inter- 
brachials ” (iBr), “ interambulacrals ” (iAmb), “ interaxillaries ” 
(iAx), some “anals,” and a few others of no special importance. 

The terms “proximal” and “distal” are reckoned from the 
plane separating stem from crown, so that the infrabasals and top 
columnal are the proximal elements of crown and stem respec¬ 
tively. The actinal elements, however, start from the oral centre 
as proximal point. 

For orientation the crinoid is placed in its natural position, 
mouth upwards, and is viewed from the anal side. The anal 
interradius is then posterior; the radius opposite it is anterior; 
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right and left correspond with the right and left of the observer. 
To preserve this orientation when the crown is viewed from above, 
the anal side must be nearest the observer (downwards in a 
figure); when viewed from below, the anal side must be away 
from the observer (upwards in a figure). Such is the rule followed 
in the drawings illustrating this book, while in the various analyses 
the anterior radius is always placed on the right of the figure. 
Various modes of designating the radii have been attempted. To 
extend to the Crinoidea Loven's Echinoid numeration, is to postu¬ 
late an homology that is far from proven. The annexed table 
compares with other systems the symbols here used :— 


Onciitntion a.** above descnU^d. 

Syiitlxilit luMe 

■it*® 

311 

cu ~ 

<9 ^ 

2 a 
11 

• u 

5«2 

'tj T S! 

►Si 

OT3 

b a 2 J C a 

rt 2 5 a S 

~ c ^ 7 

C a ^ 5 

= oK - 

Anterior Radius 

ant. K. 

A 


III. 

ant. ) . 

Right Anteiior Interradius 

r. ant. IR. 

A-B 


3 

1. aiit l-l 

Right Anterodateral Radius 

r. ant. R. 

B 

d 

IV. 

1 >- 

1. ant-lat. j ^ 

Right Fosterodateral Interradius 

r. post. IK. 

B-C 


4 

1. post-lat 

Right Posterior Radius 

r. post. R. 

0 , 


V. 

1. post, 'I 

Posterior Interiadius 

post, IR. 

C-D 


5 

post }> .2 

Left Posterior Radius 

I. post. R. 



I. 

r. post. j ^ 

Left PosterO'lateral Interradius 

I. i)ost IR. 

D-E 

I 

1 

r. |>ost-lat 

Left Antero-lateral Radius 

1. ant R. 

K I 


II. 

r. ant-lat ) | 

Left Anterior Interradius. 

1. ant IR. 

K-A ] 


2 

r. ant. J g 


We have now run through the chief characters of a normal 
crinoid of simple structure. Few are so simple as this, but 
various modifications have occurred in the history of the class, 
some perhaps only once, others at different geological periods in 
races of diverse origin. Some of these, especially when of im¬ 
portance for classification, must now bo discussed. 

Some crinoids have a Dicyclic, others a Monocyclic Base (p. 
99). The value of this in classification is disputed. Among 
various early genera, placed by Wachsmuth & Springer in a 
single family (Keteocrinidae), some are with, some without infra- 
basals, having the angles of the stem-lumen respectively radial 
and interradial. But the yet simpler genera, from which presum- 
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ably these genera descended, probably differed in the same way; 
and resemblances, undoubtedly of secondary nature, should not 
lead us to place together forms of diverse origin. The distinction to 
be drawn between monocyclic and dicyclic genera is more obvious 
in the simpler crinoids ; but here too there are parallel stages 
passed through—the monocyclic locrinus and Heterocrinus (p. 145) 
correspond with the dicyclic Merocrinus and Ottawacrinus (p. 178) 
respectively. Since the presence or absence of infrabasals is cor¬ 
related with the radial or interradial position of the lobes of the 
chambered organ, the derivation of one type from the other 
involves more change than the mere atrophy or appearance of 
certain plates. Hence monocyclic and dicyclic genera should not 
be placed in the same line of descent, unless this change can be 
proved: there is no reason why they should not have been inde¬ 
pendently evolved. The origin of Dicyclica from Monocyclica 
is, in fact, opposed by the available evidence; but Monocyclica 
may conceivably have been derived from Dicyclica in one of two 
ways, outlined in the next two paragraphs. 

There are, especially among the later crinoids, several genera 
known as “ pseudomonocyclic,” because though infrabasals are in¬ 
visible or absent, at all events in the adult, the evidence of the 
axial cords {e,g, in Rhizocrinus) of palaeontology (e.g. Apiocrinus 
and Pe)Uacrinus\ or of embryology (e.g. Antedon)^ demonstrates the 
existence of infrabasals sither in the young or in near ancestors. 
Discoveries of this nature have strengthened Wachsmuth & 
Springer’s law by affording a rational explanation of apparent 
exceptions. But suppose secondary growth of stereom to occur 
in a pseudomonocyclic genus, converting the angles of the stem 
from interradial to radial, and the angles of the stem-lumen from 
radial to interradial. Then, if recent examples were known, the 
law, as emended above (p. 106), might be applied successfully; 
but it would not tell the truth if only fossils were available, and 
the crinoid would pose as monocyclic. Such changes are actually 
observed in the growth of Antedon, while in Isocrinus^ w'hich other 
facts prove pseudomonocyclic (Fig. XL), the angles of the stem- 
lumen in the proximal region are interradial, as if the genus were 
truly monocyclic, though the downward prolongations of the 
chambered organ are r^ial. In Glyptocrinus FomsheUi the angles 
of both stem and axial canal are radial; since there are actually, 
no infrabasals, we may suppose secondary ingrowth of stereom, 
and this is confirmed by S. A. Miller’s description of the columnals 
(1874). 

The changes just described leave the essential distinction 
between monocyclic and dicyclic genera untouched (as shown in 
Fig. XII.); and among the earliest crinoids there is little evidence 
of pseudomonocyclic forms. There is, however, a possibility that 



112 


THE CRINOIDEA 


the change from Dicyclic to Monocyclic may have taken place, 
not by compression and atrophy, but by torsion and fusion. Many 
monocyclic genera of Ordovician and Silurian age have some 
radiala (usually r. post., r. ant., and 1. ant. RR) transversely bisected; 
the upper part is called “super-radial” (Rs); the lower part, 
“ inferradial ” (Ri), (see Fig. LVIIL). Now, in some dicyclic 
genera (e.g. Otiaivacrinus, Fig. XCVL), perhaps in consequence 
of the introduction of fresh plates in the anal interradius, the 
radials are shifted to right and left so as to lie almost vertically 
above the basals. The suggestion then is that the inferradials and 
basals of Monocyclica represent basals and infrabasals respectively 
of Dicyclica. If then the R6‘ and Ri fuse, a truly monocyclic type 
is produced with one circlet of BB and one of RR. One obvious 
objection to this theory is the presence in many Dicyclica of a 
plate (the radianal, RA), which is now generally regarded as a 
slightly modified inferradial (r. post. Kt), (Fig. XXVI.). Other 
objections to this and similar views, based by P. H. Carpenter 
(1878) on alleged homologies with the apical system of Echinoidea, 
have, it is true, been somewhat discredited by modern embryological 
and palaeontological research. Nevertheless, for the present the 
gulf between Monocyclica vera and Dicyclica is unbridged, and 
must be recognised in classification. 

The dorsal cup of a simple crinoid consists of two or three 
circlets, but there is often a tendency for the proximal brachials to 
to the radials and to one another as to form part of 
the cup (Fig. XIX.). There is, however, a supposed 
morphological distinction between these “ fixed 
brachials ” (Br) and the radials : the latter are de¬ 
veloped in the Antedm larva as expanded sieve- 
like films; but all brachials begin as “ imperfect 
rings, which soon become filled up with lengthening 
fasciculated tissue” (P. H. Carpenter, 1884 ; see Fig. 
XIX.). In a form where many brachials enter the 
dorsal cup, it is convenient to have a common tern 
for the primitive elements of the cup (IBB, BB, 
RR): some call them the apical system,” postu¬ 
lating a homology with the plates so called in 
Echinoidea; the old term patina is shorter and safer. 

To understand the extension of the cup beyond 
the patina, it is necessary first to study the Arms 
or Braehia (Fig, XX.). These are rarely single. 
The first step in advance is a bifurcation, con¬ 
stantly repeated in a regular manner (regular dichotomy or 
isotomy). Modifications of this occur through the suppression 
of a bifurcation at definite points (irregular dichotomy or hetero- 
tomy). In each half of the arm, the first branch on the right, 


be so joined 



Fio. XIX. 

R, nullAl, crib- 
lifonn Btereom; 
JBr^ primilnMh, 
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then the first on the left, and so on, may be smaller than the other 
branch. Thus there arises a main trunk giving off smaller branches 



1 'I 3 4 5 6 7 


I'Kl. XX. 

Sm'cialisation of ann-hranchmK. 1, aiiMii.iuimulat<‘,r<*}mlarly arm (i*>ot«>inous), 

‘2, u l«'ss n•^'ular du IwjtomouH aim, a t>iM* common in Cyathocrmoidca ; 3, 4, two sta;:‘‘s m 
th'' «*No]iitioii of iinilateral hcterotoniv ; r>, T, Uin*« stages in thn solution of bil.iteral 
lii't*Motomy, ciilininatin^ in innnulalioii For other tyjies, see Fig. CX. 


right and left alternately. These smaller branches may themselves 
undergo a similar process, and so form armlets {ramnli) borne by 
the main arm-branch //'^ / 

(famus). When the 
ramules cease to branch ^ 
themselves, and are reg¬ 
ularly placed on alter- \ 
nate sides of successive 
brachials of the main 
branch, they are called 
pinniilae^ and the arm is 
“ pinnulate.” This pro¬ 
cess of evolution has 

been phylogenetically 
traced in Botryocrinus 
(Fig. XXL), while the 
primitively dichotomous 
origin of the pinnules 
may be seen in the 

developing Antedon. 

The pinnule, as P. H. l fio. xxi. 2 

Carpenter said, is an Evolution of pnimilcfi in hotr^iocrxnuf. 1 , /?. mmofvs, 
. : 4 . * Rpecies in which each arm has two rami bearnip hmiichwl 

arm in miniature , it ramuH ; 2 , B. lirvadactylMs, a spocies in which the two rami 
rliffAra in nnfliincr Vnif bear rainuli, of which all except the proximal one are uii- 

Uiners in notning out ami are almost regularly ibs{)o.seii. In B. pin- 

position from the small nuUUm the ramuU have become n*gulur uiibranched pin- 
* , , , - , iiules. (After Bather, 1801.) 

end-branches of a simple 

dichotomous arm; but, in a pinnulate arm, it differs from 
the ramus by the restriction to it of the fertile portions 

8 
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of the genital rachis. The pinnule differs in origin, and j)roh- 
ahly in structure and function, from the brachiolc, which is an 
independent exothecal process (see p. 41). Whether such struc¬ 
tures as brachioles occur in Crinoidea is disputed. Wachsmuth isc 
Springer (1897) appear to regard pinnules as independent develop¬ 
ments, rejecting the above theory of their origin, .laekel (1891) 
accepts the theory for most Inadunata and Neozoic crinoids, and 
speaks of the organs as raniuli, restricting the term “ pinnulae 
to the similar organs of the Palaeozoic ('amerata (Cladocrinoidca, 
tlaekel) and to the cystid brachioles, which he regards as homo¬ 
logous. II is \iew is admissible, but lacks jnoof. 

In simple dichotomous arms, each brachial that supports two 
branches does so by two upper sloping sides, or shoulders, of 
equal size, each notched by the vential groove, and pierced by the 
axial canal, which branches \\ith the arm. Such ;i brachial in 
called a.rilhur (ax), and all that part of the arm borne by any 
single axillary is a “dichotom.” The branches of the axial cord 
are united at their bifurcation by a criss-cross of nerve strands 
(r/imswa) serving to correlate their activities. As the size of one 
half of a dichotom is reduced, the supporting shoulder of the 
axillare is narrowed. Continuame of the process tends to bring 
the wider shoulder more parallel to the under joint-surface of the 
axillary. Thus a pinnulate arm of primitive structure consi.sts 
of a series of axillaries in which the alternate right and left 
shoulders aie wide and almost parallel, while the others are 
gieatly reduce<l and bear pinnules. 

A pinnulate arm may consist of two rami, or each ramus may 
bifurcate just as in a simple arm, though never to the same 
extent. The axillaries on which the rami fork remain unmodi tied, 
and with equal .shoulders. It is convenient to distinguish these 
as “ niaiii-axihs ” (Ax). 

Owing to the great variation in the branching of the brachia, 
it is extraordinarily difficult to devise a consistent tenuinology, 
or to denote any particular ossicle in a concise and intelligible 
manner (for fuller discussion, see Wachsmuth Springer, 1897 ; 
and Bather, Ann. Mufj. Nat. Jlisf. Jan. 1892 ; and CJeol. JlJdff. 
July 1898). In a non-pinnulate dichotomous arm all brachials U}) 
to and including the first axillary may bo styled primibrachialia or 
“primibrachs’' (IBr), the axillary being distinguished as “priraaxil 
(lax); the following Br in each branch are “ secundibrachs ” (IlBr), 
with a “ secundaxil ” (Ilax); then succeed “ tertibrachs ” (IlIBr), 
“ quartibrachs (IVBr), and so on. In a pinnulate dichotomous 
arm the IBr do not as a rule bear pinnules, and are therefore 
homologous with the IBr of a simple arm; but of the next series 
only the proximal brachial of each ramus is strictly homologous 
with the IIBr of a simple arm, the pinnule borne by it, together 
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with the next l>r, representing the Illlh* of a simple arm. To use 
the same terms is especially perplexing in intermediate forms ; 
but solutions of the difficulty, though proposed, have not gained 
general approval. 

For (lescriptive purjioses, a dichotomous arm is viewed from 
the dorsal, i.e. aboral surface, and ‘‘right” and “left” equal right 
and left of the observer. The mediad rami are called interior ; 
those to the sides, exterior. A particular brachial in any hcrie.'' 
is denoted by placing a small Arabic numeral after the symbol -- 
IIBr^, IVBr,, lIIBr,. The number of Br in a series may be 
expressed either by stating it with a large Arabic numeral, (\<j. 
IllBr,7, and IIBr,10; or by giving the number of the axillaie, 
thus lllax-, and llax,„. The ossicles of the distal rami which d(j 
not branch again are called “finials” (F). 

The ambulacrals (Amb) ^ necessarily branch with the brachials, 
and the several series or orders may be designated as lAmb, 
IIAmb, etc. Their simplest form is that of a line of small 
plates on either side the groove, capable of being raised or 
depressed ; and when closed, meeting in the median line by a 
zigzag suture due to their alternating arrangement. They vary 
in size, both absolutely, and relatively to the brachials. Each 
ambulacral may be divided by one or more tranverse sutures, 
parallel to the long axis of the arm; this produces the appearance 
of short pinnule.s, foi’ which these structures ha\e been mistaken 
by more than one author. The transverse sutures may come to 
lie at an angle, and the portions to alternate with one another. 
Thus arose the side-plates or adambulacrals, which are a pensistent 
feature in many of the later crinoids (cf. Fig. IX. 2). There 
may also be developed minute but <listinct ossicles beneath the 
outer covering-plates and alternating with them. The complicate<l 
structure thus developed in Cf/athorrinus and Gi'^sornnus has been 
exquisitely worked out and illustrated by G. Liljevall (Bather, 
1893, pis, vii.-ix.). 

Brachia, rami, ramuli, ami pinnulae, in which the ossicles lie in 
a single row, witli more or less ])arallel joints, are termed “ uni¬ 
serial.” Simple arms in Crinoidea are always uniserial. Pinnu- 
late arms undergo a modification. Since in such arms the joints 
slope alternately to right and left (p. 114), the brachials tend to 
assume a wedge-shape; in process of growth of either the in¬ 
dividual or the race, a complete wedge-shape is assumed, So that 
the joint-lines between the ossicles form a “ zigzag.” Lastly, the 
brachials come to lie in two alternating row’s, in w hich case the arm 
is termed “biserial.” This development doubles the number of 
pinnules in a given length of arm, and thus aids the collection 

* The tonns “ambulacral” and *'adambulaeral” nuwt not be held to imply an> 
homology with elements thus named in Stelleroidea and Echinoidea. 
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of food. The axial cords and ventral groove at first swing from 
side to side; but this would be almost impossible in biserial arms, 
so here a common straight ventral groove is formed, and the axial 
cord lies at the bottom of it. The change from uniserial to 

biserial, just as the evolution 
of pinnules, begins in both 
ontogeny and phylogeny at 
the growing tip of the arm, 
and proceeds gradually proxi- 
malwards (Fig. XXII.). 

Still further develop¬ 
ment occurs in the Camer- 
ata. The adjacent right and 
left ossicles of a biserial arm 
may fuse, so as to form a compound brachial, and this necessarily 
bears two pinnules, one on either side. Further than this, it appears 
as though two or more compound brachials could fuse, ami so form 
a triply compound ossicle bearing two or three pinnules on either 
side. At the same time, the pinnulars themselves may come to lie 
in zigzag or biserial fashion, in the same way as do the ossicles of 
so many cystid brachioles. It is this structure that influenced 
Jaekel in his distinction between “pinnulae^’ and “ramuli” (supra) ; 
but the facts fvre explicable as the final stage in a regular 
evolution (Fig, LXXIX,). 

Fusion of brachials either laterally, or in vertical series, or both, 
may occur in any crinoid race in which it proves advantageous. 
In some Gissorrini the IIBr, and possibly IIIBr, of each arm were 
laterally united by suture ; in Crotnherinas (Fig. XCII.) all brachials 
of an arm are suturally united by projections at the distal margin 
of each brachial; in Fefalocrinus (Fig. XCI.) all brachials of an arm 
except IBr are fused into a single petaloid plate. Compare also 
Melocrinus (Fig. LXXIV.) and Ew'ladorrinus (Fig. LXXI. 4). 

Brachials primitively, and pinnulars nearly always, are 
united by loose suture (compare Fig. XVIII.). The next stage is 
imperforate articulation. In the final stage, perforate articulation 
(Fig. XXIII. 1), there is a well-marked transverse fulcral ridge, 
pierced by the axial canal; the ventral groove comes nearly up to 
the ridge at this point. On each side of the ventral groove, and 
often separated by a slight vertical, i.e. dorso-ventral, ridge run¬ 
ning down to the axial canal, are two depressions, fossae ; the ventral 
pair lodges muscle fibres (“muscular fossae”); and the doisal 
pair, interarticular ligament (“ ligamentar fossae ”). Dorsad of 
the fulcrum is a deep “dorsal fossa,” lodging elastic ligament. 
This type may be modified by the disappearance of the ventral 
muscles, the increase of the interarticular ligaments and their 
fossae, and of the vertical ridge separating them, which now 
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]>;l8^cs dorsiui of the axial canal, and the concentration of the 
dorsal ligament in a pit at the end of the vertical ridge (Fig. 
XXIII. 2). This is called ‘Hrifascial articulation.’’ Further 
increase of the ligamcntar fossae and of the vertical ridge, 
with the disappearance of the dorsal fossa, produces the 
“ bifascial articulation,” adapted only for lateral movement (Fig. 
XXIII. :l). These forms of articulation may be bilaterally 
synifiictrical, but in piniiuliferons brachials the fulcral ridge is 
skewed, so that on the distal joint-surface the end of the ridge 
towards the pinnule is moved dorsalwards. 

The syzygy (d. Muller, 1841; P. H. Carpenter, 1884; 
Bather, 1896) is an immovable sutural union between two brachials 
of a pinnulate arm, accompanied with loss of the pinnule on the 


1 2 3 
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hyiiozygal (compare Fig. XVIIL). Immobility may be effected 
in various ways. The apposed faces may be smooth (some 
Pentacrinids), striated {(^itifticrinus, most Antedonidae), or dotted 
(some Adinom'irae) ; in Jlhizocrinus a peg projects from the dorsal 
region of the epizygal into a pit in the hypozygal (Fig. XXIII. 4), 
and in some Pentacrinids a dorso-ventral ridge on the epizygal 
fits into the hypozygal (Fig. XXIII. 5). The former type of 
syzygy facilitates fracture along the suture, and is specially 
developed in locomotive forms liable to entangle their arras. 
The latter type appears different in origin and function. 

We now return to the extension of the Dorsal Cup. This may 
be effected, as in Ichihyocrinns (Fig. CVIIL), by the direct lateral 
union of the proximal brachials. At the same time, the proximal 
ambulacrals enter the tegmen, so that the thecal cavity stretches out 
further between the actinal and abactinal elements. In many living 
crinoids the proximal brachials are united by a flexible integument 
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oontiiiiiing minute supplementary plates {hocrinutt, ('(tfarwnriuns); 
thus the thecal cavity is cnclosctl by secondary cas well as primary 
elements. Similar ])lated membrane may occur between the llllr 



(i'hintLici iln.n'xlftii. 1, jK)stPiior of cup, hIionmuj; att.u liin» iil ol an.il tube to 
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or lllHr of a sin^^le arm. The small plates may increase in size and 
firmlv bind toj^ether the arms and rami (Fig. XXJVr/) ; those 
between brachia are “interbrachials ” (il>r); between IIBr, “inter 

secundibrachs’’ (illBr), and so on. 

• Similarly there are interambula- 

crals of various orders ; the il Amb, 
merging at the sides of the theca 
into the iHr; the illAmb separated 
by the thecal cavity from ill lb*; 
no ^ i III Amb, and so on. The 
intcrbrachials sometimes, though 
r rarely, tie.sccnd between the 
radials. Not merely brachials, 
but also pinimlars may be incor¬ 
porated in the cup, and between 
Kio. xMV' pinnules are developed “interpin- 

^nqtn^icri am to hIiow mcoi ftoni- nulars” (c.g. Fig. CIlT.)j 

tjoii of nniis uito cup, by nuviiiM ot hccoihI- . . - V i . t x* *1.1? 1 

firv jdates (ties** latter are nh.idcd); for it; 13 Oltcn hal'd tO distinguish hxcd 

pinnulars from supplementary 
plates. Except in primitive forms 
{f.g. Iveteocrinidac), the interbrachials have a similar arrangement 
in each interradius of an individual. Indeed, the arrangoment often 
serves as a means of distinguishing species and genera. This 


<(iqenf)crt tiM* t’xjxt mn't, to h 1 k*w jficoi ftoni- 
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regularity is, however, often modified in the })osterior interradius, 
which is widened by the insertion of “anal plates,'’ so calle<l 
because they atlbrd room for the anus, and are continuous with 
the plates supporting the anal tube when that or<;au is present. 

The Anal Plates of the Camerata a|)pear as a median line 
sydittinp; the posterior interbrachials, and forming' as it were a 
sixth ray to the cuy). They are rarely develoy)ed in forms in 
which the anus is central or coniy)arati\ely small; a slight 
enlargement of the y)ostcrior calycal elements then suffic ed. They 
are, therefore, regarded as supydeiiientaiy pieces developed a^ 
occasion arose in the ymsition 
where they are found. The anal 
tube is an outgrowth of the pos 
tcrior interambulacruin, and i.s, in 
Ueteocrinidac, (Hhipiari and sim¬ 
ilar forms, .>uy)ymrted by a dor.sa^ 
line of ridged yilates continuous 
with the anals (Fig. XXV.). The 
ridge is connected with the lidgcs 
that unite the yiosterior basal to ^ )•„, x\\ 



the right and left yiosterior radials, 
and this indicates that an axial 


t<‘iloi jiitiTnuInK . J, .iM'itl 
'111** inlir**s til*' 1 
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coni piissci up it, to jiGYeru the 
motions of the lube. In later 


Camerata, where the interradii and tegmen are less flexible, this 
difierentiation disayipears. 

The anals of the Inadunata and Plexibilia (Fig. XXVI.) ha\e 


been much discussed (see summary in Pat her, 1890 and 1899 ; and 
Wachsmuth A Springer, 1897). At least one of them, the 
radianal (UA), i.s admittedly a jirimary, abactinal, radial element, 
being in fact the modified lower half of the right jiosterior radial 
(r. |)ost. Ui). I5y the introduction of other ydate*^, and notably 
one .syiecial anal (r) into the posterior IK, the r. y)Ost. K.s’ is pushed 
to the right, so that KA comes into contiict w ith and hely)s in 
the widening of the area and the suyiport of the anal tube. The 
theory, originated by Wach.smuth and Sywinger, that the tube is a 
modified arm, has since been rejected by them. The less extreme 
view that the dorsal median line of ossicles supyiorting the tube 
reywesents the yiroximal left ramus of the right j iSterior arm, uy) 
which the interambidacral yicristomc around the anus gradually 
stretched, has the following facts among others in its favour:— 
The tube is admittedly in close connection with the right y)Osterior 
ray (Fig. XXVIL); it is uy) this side that the rectum yiasses ; in 
locrhmsy Mcrocrims^ and (\isfocriuus, and, to a less extent, in 
Jlrhi'ocrinnSy Edemcrinm^ and the ywoxinial ydatc of 

this median row rests on r. post. 11; in locunus the articulation 
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between r. post. K and this proximal plate differs from that between 
r. post. R & IBfj only in size (Fig. XXVIII.); in locrinus the 
ventral groove of the median series coalesces in r. post. li with the 
ventral groove of right posterior arm; this, and other evidence 
from Heterocrinidae, shows that the median anal series was in¬ 
nervated from the axial cord of r. post. R. The only argument 
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against the view, is the improbability of a change of function in 
the ramus; still the view is not proven. 

A distinct question is whether the anal x, which frequently 
occurs in the posterior interradius of the cup, is a secondary 
element suddenly introduced, as are the anals of Camerata, or 
whether it is the proximal median plate of the tube (as in locrinus, 
Heterocrinidae, etc.), that has gradually sunk down into the cup. 
Wachsmuth & Springer hold the former view, believing that 
X is homologous with the strictly interradial anal of Camerata, 
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and that the proximal median plate of locrinus and Heterocrinidae 
(which they call t) is represented in genera with a special anal x 
by a tube-plate (rt) on the left shoulder of r. post. R (Fig. XXVI. 
2-6); they assert that “ in the earlier and simpler forms, the tube 
consists of only five [vertical] series, one to each interradius, that 
of the anal side resting upon /. Later on, as the tube grew larger, 
a new row of plates was introduced with plate x supporting it. 
AVhen there are three scries [at the posterior side], as in Dendro- 
crinus, the third generally rests upon one side of the left posterior 
radial. The arrangement of the plates within the rows is so 
regular, that if a sinking of the plate t had taken place, it w^ould 
certainly be indicated by some disturbance among the lower plates 
in the tube.” In this sentence the proximal median plate t (our x) 
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of lleterocrinus is identified with rt of Dcmlrocrinus ; but no proof 
has yet been given that the added series may not be those starting 
from rt and W, rather than from x and It. On the other hand, the 
view that the series x is homologous with the series /, is supported 
by the general size and appearance of the two, and by the inferred 
relations of the axial cords. And the homology of x with t is 
supported by the facts that the position of t with reference to r. 
post, li.% does vary from a higher to a lower level in early genera, 
while the position of z to the adjacent radials likewise varies. 
In late Carboniferous genera of Dicyclic Inadunata, x certainly 
appears to pass up out of the cup (Fig. XXIX.), and this inter¬ 
pretation is confirmed by the migration of the anal in the develop¬ 
ment of Autedoiiy which anal is universally homologised with z 
(Fig. XXX.); but if a plate can pass up, it can also pass down, as 
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is further ])rovocl hy the |»bvlo^eny of the Calceocrinidac. The 
fact that % is wliolly or partly in the cup, and i partly or wholly 
outside, does not make them difierent morjdiological elements; for 
there is now admitte<l to he nodillerencc between iuterambulacrals 
and interbrachials, or between fixed and free brachials. Con- 
sec|uently in this work the symbol / will always be applied to the 
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proximal plate of the median line of the anal lube, whatever its 
position. 

Modification of the cuj) is not confined to the fixed brachials 
and interbrachials, but also attects the })atina. We have discussctl 
the disappearance of IBB. We have also to note a tendency to 
fusion in the plates of the proximal circlet, whether IBB or BB, 
and their change of shape dtic to the introduction of anals into the 
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jmtina. The first stage is the fusion of one jmir, producing 1 
large and 3 small plates (Fig. XXXI. 2). This is almost entirely 
restricted to monocyclic genera, where the plates that fuse are the 
right and left anterior basals. Next comes the fusion of two pair, 
producing I small and 2 large plates (Fig. XXXL 3). This occurs 
in both Mono- and Di-cyclica. In the former the small plate is 
the left anterior basal, or rarely left posterior basal; wherca.s 
in Eublastoidea it is the right anterior basal (Fig. XXXL 4). 
In Dicyclica three infrabasals have been observed only among 
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iM.uluiiJitji jukI Flc\il)ili;i; in the fnrTiicr gronj) the >niall plate 
often, Imt not ahN.iys, the anterior iIlfral)a^al (Fig. XXXI. 7). 
in the latter it i^ W. and Sp.) always the right jio.^terioi' 

infi'.i])a.sal (Fig. XXXI. H). A bipartite base is formed (»nly in a 
ii’w Monocycliea; the two plates lie on the right and left .si<les ot 
the cup (Fig. XXXI. 0). Finally all plates of the jiroximal circlet 
may fuse into a solid ring, both in Mono- .md Di-cvclica. The 
infrabasal.'i may fuse with the proximal cobimnal in Flexibilia. 
thus forming a ])seudomonocyclic type. The basal^ mac be ovei- 
giown by, and incorporated with, the radials, an in Emimhtrt 

The symmetry of tne base is modified by the ])i*esent *‘ of anals. 
An anal resting on the basal circlet causes one of the )»a>aK to 
double in width, so that the base becomes hexagonal instead of 
pentagonal. Idins the <piadripartite base comes to consist of a 
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posteiior and anterior luge plate, and two small l.iteial plates (Fig. 
XXXI. .■)). 'Ihoe tend to approximate in size. In Xruort ihii< 
(Fig. LXX VIII.), iiiterbiachials as well as anals come down ]»etueen 
tlie radials, so that the ba.salsaie nearly etpial ii» size, but iriegnlai 
in shape, and make the base decagonal. Removal of anals and 
interbrachials from the r.idiai circlet leaves a ]>ontagonal cjuadri- 
partite base, such as is found in Mclocrinidac (p. 161). An anal 
resting on a tripartite base is accompanied by increased width in 
the small left anterior basal (Fig. XXXI. 6). But iu the bipartite 
base the small basal fuse.s with the combined jiosterior and left 
posterior basals, while the combined right-hand basals increase in 
width (Fig. XXXI. 9). In most Dicychca the infrabasals do not 
assume a hexagonal outline; for the anals do not occur iu the 
basal circlet, but x truncates the ujiper surface of the posterior 
basal. Exceptions hvq SiajenocrinnSy ('unihocriuHs (Fig. LXXXIV.), 
SfrophocriMiSy and Themruninns (Fig, XCVI.). 
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The enlargement of anal structures was not the only factor in 
the modification of the typical pentamerism. Allusion need not 
be made to the (apparently sudden) dropping of a radius to 
form Tetracnnus (p. 153), or the duplication of the radii to form 
Fromackocrinus ^p. 195), and similar cases. Nor need more be 
said as to the enlargement of certain radii (e.g. Fhocnnus)^ the 
bisection of others (e.g. Heterocrinus), and so forth, since in these 
cases the outwardly symmetrical appearance of the cup usually 
remained unaltered. But certain factors, probably of j)hysical 
environment, such as currents and direction of food-supply, or 
possibly connected with locomotion, have at different times pro¬ 
duced similar results in different families. A bending over of the 
cup, accompanied by diminution of certain radials, was common 
in Eugeniacrinidae, as well shown by Jaekel (1891). In the 
remarkable Calceocrinidae the crown was bent towards the right 
posterior interradius, and far-reaching changes brought about in 
both cup and arms (p. 148). hlven in an unattached species, 
apparently of Agassizocrinus^ similar growth of one side took ])lace 

at the expense of the other. These 
cases are comparable to the irregu¬ 
lar Eublastoids. 

Concomitant with modifications 
in the dorsal cup were modifica¬ 
tions in the Tegmen. Just as 
brachials entered the cup, so their 
covering-plates (Amb) entered the 
tegmen, prolonging the food- 
grooves over its surface. And cor¬ 
responding to interbrachials in the 
cup, there arose intorainbulacrals 
(iAmb) in the tegmen (Fig. 
XXXII.). 

Other changes that took place 
are difficult to describe without 
raising the question of the nomo- 
logy of the plates covering the 
mouth. In Antedon five inter- 
radial plates (0) are developed 
before the radials and at the same time as the basals, upon which 
they rest (Fig. XXXIII. I). Between these two circlets appear 
the radials, upon the shoulders of which the five adoral interradials 
then rest (Fig. XXXIII. 2), forming a pyramid closed over the 
oral centre, but soon opening at the apex to expose the entrance 
to the mouth (tentacular vestibule). The posterior of these plates 
surrounds the hydropore. At a more advanced stage they become 
separated from the radials by arobulacrals and interambulacrals 



Fic. XXXII. 

Teamen of Marnpoennm nuliatuif, allow¬ 
ing iiicor[)oration of Arntf, aiiibulacrula, with 
iAmb, iiiteraiiibulacrala, betw(>eii tliein; 
an inarka anal luteirailiua, with lU largei 
iiiteraiiibulacraW. (Aft<‘r Liljevall in 
WachatnuUi St Springei, 18117.) x §. 
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(Fig. XXXIII. f)), and finally, in most species of Antedon, are 
rcsorbed (cf. Fig. XXX. 4). These }>lates are called oralia (0). 
Their prominence in early stages shows them to be primary 
elements of the theca, probably well developed in the adult of 



l)ov»‘lo])iiuMit of (►rals in Antedon. 1 (alt<*r Hnry), IJi still Msihle, »io RR yet formed. 2 
(after Allman), (/elose<l , U*t\veen them and /i/farethe deNehtpint; Itli. 3 (after Allman), Oopen, 
expoain;' oral tenUeles , no atms.\et exist. 4 (alter W 11 ('arpenti'r), r> now sejMinitefl Ironi 
Jfli by ItU, whieh .sn])]Mtil .iims (altei W. 11 (iirpentei), aims eiit oil almve tirsi brachial so 
UK to show o, which now suiroiind the month: tin* shaded poition lepiesonts iiiteguiiient, in 
which ambulucr.ils and intcrambnlacr.ils arc de\elf)]M'd 

Note also gradual tlisTcase in si/e of HJl. A luither stage in oral history is seen in Fig. 
XXX. 4, which IS Iruin another sjiecies. 


primitive forms. Five triangular plates that cover the mouth in 
the recent Jfolopus^ IlijocrinnSy lUiizocrinnSy and Thaumatocrinus, 
are by all writers homologised with orals (Fig. XXXIV.). In 
all Antedonidae, BatJnjcrinuSy and CalamocrinuSy they are almost 



Fio. XXXIV. 

Tflginen »»f Ifolopw. The arms 
are nonoved from the side nearest 
the olwerver, showing the articu¬ 
lar surfaces of A’, the radials, 
which aiH fused toKetlier. Amh, 
anibiilac'rals, which istss down the 
bnichials to the U^giiion and a little 
way up lK‘tween tne ombs ; tAtidt, 
interaiubulacmls, |)artly serarat- 
ing brachialH lYoiu orals; 0, tive 
t^ivrfomto orals; Rp, processes of 
fused RR. (AfU'r P. H. Carpenter, 
18SS.) X t 


Fio. XXXV. 

Teguien of llnplo- 
crtut/s me^jahjonim. 
Dr, first bracbml, 0, 
oml, p, p'ln* in post. 
(), D, radial. (After 
Wucbsimith & bpiiii- 
ger, 1888.) X 0. 


Fio XXXVI. 

Tegmen of conv- 

ci(.s. Small irregular ainbula- 
crals oveilie the apinised edges 
of (), the orals, which are 
shad^. Post 0 has a hydro- 
IKire, and is therefore a iiiadre- 
poiite, M. .4s, anus, lies U*- 
tweeu this and x, the anal 
plate of the cup. H, ra<lials, 
with arm-facets shaded, and 
nerve channel black (Based 
iiartly on MS. drawings by W. 
U. Billings. Natural sire.) 


or entirely resorbed in the adult. The ambulacra pass to the 
mouth between or below the orals. 

In HyhocfinuSy HapherinuSy CarahocrinuSy and other primitive 
genera are five interradial plates precisely resembling the orals of 
the larval ArUedon in shape and position (Figs. XXXV., XXXVL). 
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The generally accepted view that these are orals is confirmed by 
the frequent presence of a pore or pores in the posterior one, as in 
larval Jntedon and adult Hyocrinus^ and by the situation of the 
anus between this plate and the adjacent RK; in Haplocrinus the 
pore and the aims ajipear to be combined near the oral end of this 
plate. These plates have in preceding pages been spoken of as deb 
toids (A). They meet close around the mouth like the A of many 
Blastoids, and in llf/hocrinus and (\nahocrinus they show traces of 
hydrospires of Cudnsfrr tyi>e. On the other hand, they are 
homologised, and justly so, with five similar plates that occur in 
(StdnhdtJuu') idn.% ////>', Al/ityerrhnis, 



li.. XX.WII 

i*t T't I',-1,'1(1^ , nffttunh ti>. 

A, .an.il J.r, of , 

i.imh, illlnth, tlllAmh, aiiiCiil.t- 

rraN (jf nii<l Oiinl ; 

O, Ihe oi.iK a Jittif <h-t.iin.r Jiojii 
till* jK'n-^lomo. (AtU-r \N.(cli>)iintli .V 
.‘5l.r«n„'» r, ) 


some rinfijtiuif^ and the specimen of 
TaxocrinHs intcmuduis (Fig. XXXVH.) 
de>cribed by W’achsmuth ^ Springer 
(X"ov. 1888). In most of these 
genera the orals (or A) cover the 
mouth, and the food-grooves pass in 
under them; but in Taxocrinns the 
mouth IS o[)en, and the grooves with 
ambulacrals j>ass between the orals; 
while in Jfyhornnus and Caraboennus 
the ambulacrals rest on the edges of 
the apjiosed orals, ^howing that the 
grooves were actually above those 
plates. 

From this ])rimitive Palaeozoic type, 
three lines of evolution start: (1) 
Ambulacra pass over the edges of the 


orals, while ambul.icrals and sometimes inteiambulacrals gradually 


cover the orals, which seem thus to sink below the surface and to 


diminish in size : the jiosterior oral, however, usually remains large 
and is jnerced by hydropores, while the increased size of the anal tube 
pushes it more towanls the oral centre (f'.y, EuajnrocrinnSf Ct/ailio- 
rrinns, CapresmriniLSy Figs. XXXVUL, XXXIX.). (2) Ambulacra 
and ambulacrals jiass between the orals, leaving an open mouth, 
while the orals gradually atrophy {e.g. Taxocrinus, Fig. XXXVII., 
probably other Palaeozoic Flexibilia, and certainly many of their 
Neozoic descendants). (3) Ambulacra pass beneath the orals, 
and gradually also beneath other tegminal plates, which are 
developed pari passxt with the incorporation of brachials in the 
cup, and which thus separate the orals from the periphery 
of the tegmen {e,g. Adunata and Camerata, Fig. XL.; cf. Caryo- 
crinidae, p. 66). 

At the same time, in types (1) and (3) a modification of the 
ambulacrals takes place. The proximal ambulacrals covering the 
mouth in (1) become large, and assume a {>entagonal arrangement 
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hiniulati!!^ that of j)riiuitivc orals Crumcruiuz^ Fig. XLI., Crotah/ 
riinasy Fig. XCII.; cf. Fuhlastoidea). Other ambulacrals, especially 



axillary Ainh, increase in size, and furni prominent bosses on the 
legmen, called “radial (loine-]»late'^" (Fig. Xldl.); the eilect of 
this is enhanced by the .sinking of the other iimbulaerals (r.;/. 



Xli. Topimi or ai'thntu'U'i, 

sliowin;; ;mibMlacnils 

('ifhiin I mus niHlnfvg, tu <‘\rini»lit.\ tlio sminli*'.! enwn .uiun uihI o\ei u{)]ios(n 1 oniU 
tyiM' of Caiiw*mte 1, funii I jhM i.miui*.; (n),and Um'oiiiui}*<M ilRr>;<*ii over fuMi- 

‘J, tiom ttbovH. A^t aiiiH ; It, IntHnlK . hr, o]ii*niif4 Ntonn* PuMt. O ivtiiuiin. ns a loldtMl 
l'»r f(Xhl-«it)Ovn nnd iiii(l4Ml>n)K cnimN; ./», in.uliviM>ritv; t, uiml lulv. othn 

int(‘rbracliiHls (KulNiinlH, Jank^d). OIIm*i ns l«*tU*r.s ns usual. (Fioin lirit. Mu^. 

UMUil. fAftoi Joh. Mullor, 18io.) x '2. 4u-lii7.) K 3. 

Actinocrinidae). Those two facts suggest that the proximal dome 
plates of Cainerata, regarded as orals by Wachsmuth Springer 
ami so quoted under head (3), may after all be modified ambulacrals 
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The most conflicting views have been held from time to time 
by the same and by different writers as to the homologies of these 
plates. That here put forward agrees in the main with Ne\imayr*8 
(1889), but is based on facts not accessible to him. Wachsmuth 



& Springer (1897) deny the homology of the 
deltoids in Eublastoidea, Hj/hocrinuSy and Cya- 
thocrinidae, with the orals in llaplocrimis and 
Antedon ; the jdates here regarded as enlarged 
ambulacrals {ejj, in Eublastoidea, Cyatho- 
crinidae, Fig. XLIIL, Crofalocrinus) are taken 
by them to be orals, and they imagine that 
they undergo resorption, fission, and other 


fjo. xLii. changes, stating that they are relatively larger 


Tegmen of 

nntlostt^^ kIiowiii;* radial 
d (Alt«‘r 
WuchHiiinth &. SiHiiiiJiM, 
1S97.) X i. 


in young specimens. As to the origin and 
homologies of the large interradial plates in 
Inadunata (here called A or O), those authors 
are undecided. 


The gradual sinking of the ambulacra and their covering-plates 
below not only the orals but other tegminal plates, has given rise 
in the typical Camerata to structures so differentiated that they 
were long misunderstood, and their chief elucidator, Wachsmuth, 
believed in 1877 that the tegmen of Palaeozoic crinoids w'as “a 
solid vault or dome,” which could not ‘Mn the remotest degree be 


homologised with the soft 
peristome of ” recent crinoids. 
‘‘It forms,” he said, “a part 
of the abactinal system ” ; “ a 
continuation of the radial and 
interradial series of the dorsal 
side, and serves merely as a 
covering and protection for 
the organs underneath.” 
From this it was generally 
inferred that an originally 
flexible tegmen (“ disc ” it was 
called, as in recent crinoids) 
had been overgrown by “a 
free arch which braces the 
entire oral side of the body 



Fm. xmii. 

Tofjnipn of Cffnthocrinus lumosut Thrt lArjji* 
teKmiiial platos ar« not homologouH with the d**!- 
toids, but the Kquarinh contnil one itiAy be the 
iiiiulreiMrite. (From Ihitlier, 1803.) x 3. 


without the aid of oral plates” (W. & Sp. 1881). The disc 


remained as an “inner test,” in which were ambulacra and 


possibly orals. Because of this structure, supposed to obtain to a 
greater or less extent in all Palaeozoic crinoids, but not in their 
successors, the Crinoidea were divided into Palaeocrinoidea and 


Stomatocrinoidea, the latter term being altered by P. H. Carpenter 
to Neocrinoidea. 



THE CRINOIDEA 


129 


As fresh facts kept coming to light there was a good deal of 
shifting of ground and mutual criticism on the part of Wachsmuth 
& Springer and Carpenter. The supposed difference, and con¬ 
sequently the classification, were rejected by Neumayr (1889) and 
Bather (1889-90). Independently and synchronously Wachsmuth 
& Springer (1889) concluded, chiefly on the evidence of I'awcrinus 
irUermedius (p. 126), that “ in some Palaeozoic crinoids the mouth is 
exposed, and there is no vault aside of the orals ” ; also that “ all 
attempts to subdivide the Crinoidea by separating the Palaeozoic 
from the Mesozoic and later forms as natural divisions will have 
to be abandoned.” But it was not till 1891 that they published 
their recantation of the view that the Camerata had a vault and 
a subtegminal disk.” 

The explanation of the Camerate tegmen given by Wachsmuth 
& Springer in 1891 was readily accepted and now prevails. It 
may be condensed as follows :—The plates of the tegmen were at 
first small and yielding, as in the Ichthyocrinidae and in most 
recent crinoids j in this state when the arms are open the ventral 
surface is depressed, when they are closed it bulges upwards. To 
afford better protection to the viscera the tegminal plates became 
more solid; the tegmen being thus less flexible was fixed perforce 
in its protruded state. The covering-plates of the ambulacra had 
perhaps been closed from the begin¬ 
ning, but as, through tlie upswelling of 
the tegmen, the grooves were now more 
exposed, further protection was needed. 

Consequently they were lowered be¬ 
neath the surface and, starting from 
the solid orals, interambulacral plates 
closed in over them. Certain of the 
covering-plates, however, especially, 
it would appear, the axillary pieces, 
which perhaps could not so easily be 
covered by other plates, became much 
stouter, and were still exposed on the 
surface as solid radial dome-plates. In 
any form highly developed along these 

lines, e,g, Caciocrinus (Fig. XLIV.), the f;^'canai8 ana cousoiuteti 

- , ^ ^ '1 j 1.1 j Hkeleton of gut {q). 1, speciineu with 

food-grooves, water-vessels, and blood- one side of togmeu broken away, 

vessels are sunk right beneath the 
tegmen, and are enclosed in a tube 
consisting of alternating ambulacrals 
above and adambulacrals or side-plates 
below. The interambulacral plates of 
the tegmen send curious extensions into the interior of the calyx, and 
these extensions, spreading out, form what used to be regarded as 



Fio. XLIV. 


showing how the food-canals pass from 
the arm-openings (/Ir') under the 
tesmen to the upper end of the con- 
volutefl organ (after F. B. Meek, 1873). 
X j. 2, one of the food-canals, from 
above, further magnihed (after Meek). 
3, the convoluted organ, fiom below. 
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a disc. We may, with Wachsnmth & Springer, regard the exten 
sions as caused by the perforation of the plates for water-canals : 
or we may regard them as simple processes for the purpose of 
adding strength, without forgoing lightness, by a system of girders. 

The supposition just quoted, as to the existence in Camera!a 
of a complicated water-vascular system, is supported by the 

connection of the internal passages 
V with small pores near the arm-bases 

y (^ig- XLV.). Such have been ob- 
^ served by Wachsnmth & Springer 

N Actinocrinidae, Batocrinidae, 

Hr ^ Rhodocrinidae, and Melocrinidae; 

1 *2 they are placed in the cup-wall at 

the level of the tegmen, between the 

Pores 111 CaiiiHiatii. 1 , i 

Lyoni, an mterra.iins, showin- slit like arms^ud their rami, aiul their cauals 

are separated from the subtegminal 


'Br A 


es 111 CaiiiHiat<'i. 


Lyont, an inteiTuiliiis, sIkiwim;; slit-like 
TX)re« (j») between inteniiiibulaerHls (altei 
Wachsimith Sc SiMinuei, Nut M/e 


WachMmith Sc Sinm-ei. lS-17). Nut M/e ocpaiatcu iium uuc ouuLcguiiii.ii 

2 , iJafoo,iuus, siinwii.i' iK.res (/.) iietuiMi, arm-groovos by a thin partition. 

iiiteraml ulacrah .in<l siruielibi-aclis i, . • ^ n 

(troiii lint Mns s|H<Minen 7*.'.5»2) x 1 In BatocrifiuSy oiwtocnnuSy btegmw- 

i.' , iKisha^ieofarin-ounulsmtotheealcavitj. 


/...lKis.s,a.eoiarn.<unu.s,utou.eeaicavuj. EUclodocrinUS, lilM\ Others ill 

which the arms branch oil' alternately, there is a pore to each ramus 
that springs directly from the dorsal cup. Dolatocrinus may have 
four to six in each interradius, and two to four between each 11 Hr 


series. Other genera have only ten pores. In Gilbertsocrims these 
are at the end of long tubular extensions of the interradial areas 
(Fig. CXXVII.). The facts are so plain, that the introduction of 
water into the thecal cavity for aeration of the viscera seems prob¬ 
able ; but the connection of these passages with the hydrocoel or 
with branches thereof is a different (question. The pores may pos¬ 
sibly have replaced the hydropore or the madreporite of certain 
Inadunata. In many recent crinoids pores pierce not only the 0. 
but the iAmb, often in great numbers, being least numerous in 
the jiosterior IR. Antedm bifida (Fig. XLVI.) is said to have 1500. 
They may also occur on the edge of the theca between the arms. 
In Adinmnetra they are chiefly developed near the ventral grooves, 
and even on the pinnules. These pores communicate with the 
coelom or its extensions (Fig. XLVII.), and so indirectly with the 
water-ring. Where there are few pores {e,g. Rhizocrinus, Fig. X.), 
a process (stone-canal) stretches out towards each from the ring; 
but, when numerous, there is no correspondence between stone- 
canals and pores. 

The statement has repeatedly been made (by Trautschold, 
Loven, Wachsnmth & Springer) that pores occur on the suture¬ 
lines between the plates composing the anal tube of many 
Inadunata. In the cases to which the last-named authors now 


restrict the statement, the tube-plates have strong axial folds, being 
no doubt connected along these by thicker ligament, innervated from 



THE CRINOIDEA 


13 * 


the axial cords (Fig. XLVIIL). The depressions between these folds 
are often deep, and it is in them that the pores are said to lie. It 
is supposed that such genera have no madreporite, and that the 
pores aerated the rectum or a blind extension thereof, for the 



Fi(». XI.M 

Ventral Hurfact* of Anfeifou hifUlo, 
diagranmintifteil fruin xunoun aiilhoii- 
ties. X 4diain. anus ; 0, mouth . 
p, pinnnlen; .v, sac<’uli; up, uah'i- 
lK)re8 


Cfv Cf. 




^Kio XIAII. 


\»‘itu*al 8»*ftu>u thioMgh tiv'UUMi .iml uinhT- 
nigstriictun“« of Atttrdtm Uithhf. SIkiw*. lout 
j)on*s, with ciliutfd funnelh (if), pmicnig tin* 
intugumuiil (hi/), and coinmunifatmg hy a 
waU*t-\**sspl (ifi)uith lacunar \ PNsels (/) HI tin* 
conn»‘<’ti\*‘ tissiii* of the nn^scntprv {in) Tin* 
funnels an* rut thnmgh in clifTrn'nt dmrtl'>Il^ 
/, hbrons layrr of mtegutm*ul; i. rm loimc 
caMtu*" , (/, Kut-wall, Hhowing oulm lIluou^ 
l.iyrr, Hjnlhelmm, and mnrr cntich’. (Alim 
Vogt iV Jung, ISSt*) Grf!itl> iiiagiuhtsl. 


anus often opens low down on the anterior face of the tube. The 
statement has been definitely disproved for many forms hitherto 
said to have such pores. But Wachsmuth Springer (1897, 
pi. vii., figs. 2/>, 5, 6, 9) support it by figures which, if correct and 



Fm. XLVin. 


Structurfl of tlm anal tulie in an InadnimU Cnmud. MuAuuMTums Iiyreiis. \, platrs m 
normal iioaition, h»ft wlga ol di.sUl thinl of tul>r; /, trana\orso folds conm*cting tliu main 
axial rhlucH, r 2, idatws from the movinml tliinl, distuibiMl amU'Xiwsiug tlm articular facet* 
(art) of the axial riago. (After llulnm, xlOdhun. 

correctly interpreted, prove it for some species up to the hilt— 
and much further. For they show pores not only on the sutures, 
but penetrating the plates; not only in the interaxial depressions, 
but on the axial folds; not only in the tube, but in the dorsal 
cup. 

The last organ of which the modifications need be considered 
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is the Stem. The sim],)lest form of columiial (after the fusion of 
the pentameres) is circular, but with a tendency to pentagonal 
outline. The joint-surface is radiately striated. The lumen may 
be large and circular (Fig. XLIX. 1), or small, and circular or 
five-rayed (Fig. XLTX. 2 and 3). The assumption of a pentagonal 
outline is often accompanied by a restriction of the striation to 
I 7 g the margin and the concentration 

longitudinal ligament-fibres 
hve bands (Figs. XLIX. 4 and 
\M|J« CXI. 7-10). The joint-surfaces 

XjliX may become elliptical, with a 

• .r HE:. ^ fulcral ridge in the long diameter 

/ \ ligamentar fossae on either 

r side; in this case the long diameter 

m angle to 

jj that of the other end, and the stem 
corkscrew twist {rjj. 
Plafycrinns, Fig. XLIX. 5), and so 
\| J can bend in any direction. In a 
I j Russian Carboniferous Platycrinoid 
^^ I the columnals are square in section, 

ridges form diagonals at 
^ ^ right angles to one another. In 

^ ^ Bourgueticrinidae, Bathycrinus^ and 

- Rhizocrinus this form of joint is 

strongly marked, and the columnals 
dice-box 

mu 8. 5i.t»78, x 2 .o, 6, iV/./iz-/««»«, lint, shaped (Fig. XLIX. 7); the length 

Muh. 400 ; 0, rinfunumi^, .s)io»in»; twist ^ ^ ^ . i ° 

of st#*ifi, Brit. Mils, x f; 7, Khuo- appears in some cases to be pro- 

tTinii*, Iroiu distal n-j-ion of nIviii, x 8; Kv fn«inn nf twn af 'l cvyvav 

8,/</.fr*/o» 3 «rzrt,larvu,urtiriilar siirfacoof tiUCCU Oy lUSlOn 01 tWO atilS^zygy. 

ono oi the rohiinruiiH swii from tiu* sid« ill The Stem of *^he larval Antedoti 

0 (after M Sar«). Much enlarged VTTVonxu i 

(Fig. XLIX, 8, 9) has ossicles of the 
Bourguetkrinns type and is very flexible. In two genera of 
distinct origin— Herpetocrinus allied to Heterocritius, and Campto- 
crinus allied to Dichocrinus —the stem is rolled up round the crown 
as shown in Fig. LIX.; the cirri are, over the greater part of the 
stem, confined to two rows along the sides of the ossicles and 
directed towards the axis of the coil. In Herpetocrinus the ossicles 
become hollowed towards the inside of the coil, and there is a 
fulcral ridge parallel to this side; strong (muscular?) ligamentr 
were developed towards the outer margin. The stem could 
uncoil and the crown be projected. The structure of the 
columnals in Campiocrinus has not been described, but is said to 
be similar. Wachsmuth & Springer say that such stems are 
also found among allies of Poteriocrinus, 

The axial canal, which in recent crinoids serves to transmit the 
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vascular and nervous prolongations of the chambered organ and 
axial organ to columnals and cirrals, may in some earlier forms 
have served other purposes. The lumen is sometimes extra¬ 
ordinarily wide (40 mm. in the root of Bari/crinu.% Fig. XVI. 3). 
Pores sometimes appear to exist between or through the colum¬ 
nals (e.g, BarycrinuSy Crotahcrinus, Fig. L., Traumatocrinus). The 
distal ends of the cirri sometimes appear to have been open, so 
that the large axial canal communicated wuth the sea-water 
(e.g. Barycrinus, Eucalypfocrinu.% (*ystorrinus, Fig. L. 2). The flat 
under surface of encrusting roots is often ridged, as though 
grooves put the axial canal in connection with the exterior (e.g. 
LickenocrinriSy in which the upper surface is formed of poly¬ 
gonal plates, supported beneath by numerous radiating lamellae). 
These bases of attachment are, say Miller & Gurley, “as full of 

Kn. L 

Til*' <lp\(*lopmHnt of “ port's " fioni 
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pores as sponges.” On the theory here adopted as to the origin 
of the stem, a greater extension of the viscera into it in early 
forms is probable; the chambered organ itself may have been 
placed some way down it (compare evolution of siphuncle from 
visceral cone in Cephalopoda). Assuming that the soft structures 
contained in the stem-lumen needed aeration, Wachsmuth & 
Springer have supposed that streams of sea-water entered 
by those pores. This suggestion seems no more happy than 
Miller & Gurley^s idea that “the mucous or fluid substance, 
that contained the material for the base, passed through the 
columnar canal into the pores of the base and was deposited in 
a softer state than it afterward assumed.’* We may, however, 
suppose that these passages served the double purpose of trans¬ 
mitting nutrient fluid to the mesoderm cells depositing the outer 
layers of stereom as the stem and root grew wider by concentric 
accretion, and of aerating the same fluid by bringing it near the 
oxygenated sea-water. 
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In some genera, and especially, as Jaekel has suggested, in 
those exposed to rough water or currents, the stem shortened con¬ 
siderably while its attachment was preserved (e,g, Eugeniacrinidae, 
Fig.CXX., CupressocrinuLs). CotyJedenm, EndesicrinuSy and Cyaihidium 
are fossil genera, Holopus (Fig. CXXI.), a recent genus, in all which 
the stem is reduced to a mere mass of stereom cementing the cup 
to some solid object. 

Although the Crinoidea are the Echinoderms in which the 
Pelmatozoiin habit has had most effect on the anatomy, yet they 
present a constant tendency to relinquish the attached mode of 
life and to lose that typical organ, the stem. So early as the 
Ordovician, stems are found that during the life of the animal 
were separated from the root, and became attached to other 
objects, either by the remaining cirri, or 
by winding around them. Often the 
distal end of the stem formed a coiled 
support like a serpent’s tail (e.g. Acantlw- 
crinus rex, Jaekel, 1895). In some Silu¬ 
rian genera (e.g. Calr^orrmus, Mastigo- 
crinus) stems have been described that 
were rounded off at the distal end during 
life. In Jlerpciorrinus the stem was rarely 
if ever atUiched by anything except its 
cirri; while in the species described by 
Hall as Braehioenmis nodomrius, the stem 
ends distally in a bulb. In the Devonian 
Myrtillocrinus the stem ended in a four- 
Huked grapnel { ~ Ancyrocrinus. Fig. LL). 
Similar detachment took place in many 
Carboniferous and Mesozoic crinoids j the 
recent Isoerinus ( - Penfaenuas) is known 
to change its place, probably by swimming 
with its arms, and the lower surface of 
the distal columnal is “smoothed and 
rounded” (Wyville Thomson, 1873). 

Addiction to this habit led to the 
gradual shortening of the stem; in 
Millericrinus Pratti all stages have been described by P. H. 
Carpenter (1882), from a stem of seventy columnals over 50 
mm. long, down to a single ossicle, the proximale (Fig, LIL). 
Continuance of this process led to the evolution, along many 
different lines, of crinoids that are generally described as un¬ 
stalked, and for which older writers were wont to erect an order, 
Astylida. These fall into three groups: First, those in which a 
portion of the stem remains, becoming compressed and fused, with or 
without the infrabasals, into a cirrus-bearing compound ossicle, to 
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which the term “ ceiitro-dorsal ” was originally applied, and to which 
it must be restricted {ejj. Antedon^ EtuliocriiiuSy TJuiumatocrinus ; see 
Figs. CXVII.-CXIX.). These forms anchor themselves by their 
cirri, and though captiblc of crawling, climbing, and swimming, do 
not often exercise their faculty of locomotion. Secondly, the group 
in which either a portion of remaining stem, or the lower part of 
the cu]) (i.e. BB or IBB), becomes solidified, usually by additional 
depositioti of stereom, into a knob, which, one may suppose, serves 
as ballast or as a sea-anchor ; such forms are Afjassizocrinvs (p. 181), 
Edrwci'iiins (Fig. GXII.), and MiUerienuus Prafii (Fig. LIL). Both 
of these groups have a small calycal cavity with thick walls, and 
there c<vn be little doubt but that all are attached by a stem in the 
earlier stages of ontogeny. The third group, comprising Marsupitea 
(Fig. CIV.), Sarcoroma (Fig. LXVUI.), and Uintarrinus (Fig. CIIL), 
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has no trace of a stem or of any anchoring structure, but is in all 
respects adapted for free locomotion; the calycal cavity is large in 
proportion to the thickness of the arms, and is enclosed by thin 
flexible walls. Of these three genera, Saccotvma is the most special¬ 
ised, and is supposed by Jaekel (1893) to have been pelagic, living 
in swarms. UintacrinnSy with its extraordinarily long and movable 
arms, may also have been pelagic. The genera of this third group, 
although of origin as diverse as those in the other groups, resemble 
one another in the presence of a central, pentagonal, apical plate. 
This in Saccomim may be the fused basals ; in Uintarrimis and Marsu- 
pites it represents neither basals nor infrabasals, but may be the 
proximale, or the supposed distal columnar plate (“dorso-centraF’), 
or a new supplementary plate. It is safest to call it cenirale. 

Another curious modification, perhaps connected with a free- 
floating existence, was presented by the root of Scyphocrinu.<. 
This swelled out into a hollow, chambered, balloon-like body, 
referred by Barrande to an independent class of Echinoderms under 
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the name LobolithuSy and described by Hall as a float, which he 
called Camarocrinus, 

As regards the internal organs of the crinoid not much can be 
said. The most remarkable modifications are those affecting the 
Gut. In most recent crinoids this makes a simple dextral coil 
around the thecal cavity, from central mouth to eccentric anus. 
The mouth may be slightly shifted anteriorly by increase in size 
of the anus, or by the anal tube coming to occupy the centre of 
the tegmen, as in Batocrinus^ or even to pass beyond it towards 
the anterior margin, as in Siphonocrinus (p. 199). But the mouth 
remains in the axis of the coil, and such forms arc called “ endo- 
cyclic.” In Actinometra (p. 196) the gut winds in the same way, 
but instead of issuing immediately the first coil is completed, 
it continues to coil, not however around the axis of the 
mouth but around the axis of the anus. The mouth, with its 
annular accompaniments, therefore lies between the outer coil and 
the next one, and not in the axis of the coil; such a form is called 
“exocyclic.” This type of coiling does not correspond to the 
two coils of the cchinoid gut, since those are formed by a loop 
returning on itself, in the way that any tube or cord fixed at the 
extremities is necessarily lengthened. The coil of the gut in 
Actinometra is therefore doubly peculiar. Yet in the number of 
its coils it finds a parallel among the Camerata. In many of these 
{e,g. Teleiocrimis^ CactocrinuSy BafocrinvSy StrotocrinuSy MacrocrinuSy 
EiiirochocrinuSy IlabrocriiiuSy and Dimerocrimis) the gut seems to 
have been supported by a loose, spicular calcification of the 
connective tissue around the axial sinus, forming a “convoluted 
organ ” not unlike the shell of Bulla (Fig. XLIV. 3). Probably the 
oesophagus passed down the hollow axis, then the gut coiled 
dextrally in a widening spire, and the rectum passed up outside, 
often along a thickened rim. The number of coils was at least three 
in a Batocrinus figured by Wachsmuth and Springer (1897, pi. v. 
fig. 6). It is remarkable that two of their figures (ik figs. 5 
and 7), if correctly described, show a sinistral coil. There is no 
reason to suppose that the coil of the gut was ever other than 
dextral in any class or order of Echinoderma, though Jaekel 
(1897) has made an unconvincing attempt to prove that it was 
sinistral in Camerata, Cystidea, and Blastoidea. 

In BathycrinuSy RhizocrinuSy and the larval Antedony the mid-gut, 
at the bottom of the thecal cavity, is widened into a stomach. 
In Bathycrinus and Rhizocrinus are also interradial diverticula from 
the outer side of the coil, supported by processes from the brachials 
(Fig. LIIL). Such diverticula were presetit in the Silurian Uabro- 
crinuSy if the evidence of the convoluted organf and of Angelin 
(1878, pi. xxvi. f. 12) can be relied on. In Pentacrinus and 
Antedonidae, and to a less extent in BathycrinuSy the gut-wall on 
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the inner side of the coil is thrown into folds or villi (Fig. LIV.). 
In ActinoTnetra, however, with its long coil, such plication is slight. 

Sacculi (Fig. LV.) are structures confined to this class. They 
are globular sacs surrounded by mesoderm, but lying close beneath 
the epithelium, usually of the external surface. The lower wall 
of each sacculus is clothed with rather large nucleated cells, 
apparently derived from mesoderm, and from these grow up 
processes filled with refringent granules of albuminoid substance. 
Each process elongates and becomes attached to the upper {i.e, 
outer) wall of the sacculus by a filament. The granular portion 
of the cell may then separate from the nucleated base, and finally 
may burst, setting free the granules. These granules, colourless 
in life, are stained on death by the yellow pigment of the peri- 
some, and show strong affinity for most staining reagents. The 
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sacculi occur chiefly at the edges of the food-grooves; and the 
side-plates, when highly developed, are notched for their reception 
(as seen in Fig. IX. 2). They have also been observed in the 
walls of the gut, in the mesenteries, and above the chambered 
organ. They arc developed so soon as the larva begins to feed. 
Sacculi have been regarded as calcigenous glands(Wyville Thomson), 
mucous glands (Bury), excretory organs (Ludwig), symbiotic algae, 
“ Zooxanthellae ” (Vogt & Jung), and accumulations of reserve 
material (Walther, and especially Cu6not, 1891). Since the com¬ 
prehensive account by the last-named, little has been written on 
the subject, and his view has found general favour. Sacculi occur 
in Antedon^ PnnmchocrimSy EudiocrintbSy AteleciinuSy RhizocrinuSy 
BathycrinuSy and PerUacrimi-s ; they are certainly absent from Actino- 
metray and probably from all other recent genera. This fact renders 
their occurrence of taxonomic value. 
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The Classification op the Ceinoidea. 

When the modifications above described have been grasped, when it 
is remembered that these are only the more usual among the changes 
that take place, and that there are others even more remarkable, ami 
when it is learned that most of these may affect members of any group 
at any period, then it will be understood that the decipherment of the 
few and fragmentary leaves of crinoul history that liave been preserved 
to us has been a hmg and dithcult task, full of vain attempt and 
rejected theory, and that classification after classification has been raised 
but to fall; and still the leading writers cannot agree, even provisionally. 

An admirable account of the literature on this class, from Agricola, 
in 1558, to C. F. Hoemer, in 1853, was given by de Koninck and Lr 
Hon (1854), and supplemented by W. B. Carpenter (18GG). The 
nomenclature of genera and species dates, of course, from 1758, the year 
of publication of the tenth edition of Linnaeus’s Systema Naturae; but 
neither Linnaeus nor his immediate successors were more happy in their 
dealings with this then little known group than more ancient authors. 
It was J. S. Miller of Dantzig and Bristol, who, in 1821, laid the 
foundation for a scientific knowledge and classification of the Ceinoidea, 
as he was the first to name them. Accounts of the subsequent growth of 
knowledge and theory arc so accessible in Zittel (1879, 1809), P. II. 
Carpenter (1884), and Wachsmuth and Springer (1897), that only tin* 
main stages need recalling, and that briefly. 

Miller’s Ceinoidea excludes unstalked genera; the others known to 
him are divided into :— Aeticulata : ossicula forming the cup articula¬ 
ting, A jwocrmi4«, PmtncriniiSj Encrinus. Semi-Aeticulata : plates of cup 
articulating imperfectly, PoitruKrinns. In aeticulata : plates adhering by 
sutures, lined by mu.scular integument, CyathocrviuSf Actinocrinus, lihodo- 
crinuSy Platycrinus. Coadunata : proximal ossicles of cup anchylosed to 
proximal columnal, Euyeniacrinns. The principles of classification here 
adopted profoundly influenced subsequent attempts, while the genera 
form the types of modern families. 

Joh. Muller (1843) meant by “Crinoidea” all Pelmatozoa, dis 
tinguishing the crinoids proper as Cnnoklect, hrach-iaia. Among these 
he retained Miller’s Aeticulata, adding to it the Antedonidae, and 
stating that the rays developed from the base of the cup, and merged 
into the free arms ; that the proximal plates of the rays were laterally 
united by an integument continuous with that of the ventral surface ; 
that the radial and first primibrach, the primaxil and first secundi- 
brach, were joined by muscles, but the first and second primibrachs by 
muscles or syzygy; and that food-grooves, mouth, and anus were 
visible on the tegmen. The peculiar genus Saccocomay unknown 
to Miller, was made the type of the Cobtata : stemless, without centro- 
dorsal, and with processes from the brachials {pinnulae oppositaey Muller). 
HaplocrintLa metpiliformu was separated under the head Testagba : cup 
and tegmen forming a firm, connected test, with five ambulacra running 
up to the mouth. Holoptut was regarded as an entirely independent and 
peculiar division of the Crinoidea (senm lato)y on account of its sessile cup 
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and the supposed ahseiice of an anus ; but no group name was proposed. 
All other crinoids then known were placed in the Tessellata, which 
included the unstalked Marsupites; their cup was said to be composed 
entirely of plates, to which names were given (BB, RR, Ax, etc.), and 
their tegmen was said to be solid, with only one opening, and with no 
food-groove'*. This classification, while retaining as a guide the mode of 
union of the plates, took also into consideration the structure of the tegmen. 

Zittel (1879) divided the Crinoidea brachiata, Eucrinoidea, as he 
called tliem, into three sub-orders, on the basis of Muller’s classification, 
but merging Holopus and the Testace.i in the Articulata. Tebselata 
cui)-plates thin, immovably united by simple suture ; tegmen solid!} 
plated ; mouth subtegminal ; Mamupites^ Uintacrinus^ and all Palaeozoic 
crinoids. Articulata : cup-plates usually very thick, united by articu¬ 
lating or plane sutures; tegmen integumentary, rarely plated, with open 
food-grooves and central mouth ; all Neozoic forms, except those here 
mentioned under other sub-orders. Costata • ^uccocoma (see under 
Muller). By this time several families had been founded, notably by 
C. F. Roemer (ISfifi) and Angelin (1878). These were added to by 
Zittel, and those of the Tes.selata arranged in groups, chiefly according 
to the coiistniction of the tegmen. Most of the families were well 
founded, but the characters of the Tesselata and Articulata, though 
applicable to a few genera, were not really capable of extension to all the 
forms that had become known since the time of Muller. 

Wachsmuth's establishment of the Palakocrinoidea in 1877, “to 
include those forms in which the disc is roofed by a second integument, 
which he supposed to exist in all Palaeozoic crinoids” (W. & Sp.\ 
has already been noticed. The order covered nearly the same ground 
as the Tessellata, and opposed to it was the order Stomatocrinoidea 
or Neocrinoidea, corresponding roughly to the Articulata. Carpenter 
& Etheridge (1881) accepted the division, but laid more stress on the 
asymmetry of the posterior interradius in Palaeocrinoidea, and therefore 
suggested Irregularia and Bkoi lauia. 

Wachsmuth k Springer (1885) divided their Palaeocrinoidea into 
three sub-orders, originally suggested by Wachsmuth’s study of the tegmen. 
Camerata : tegmen rigid, formed of rather large thick plates ; brachia 
in part rigidly incorporated in cup by means of interbrachials; Reteo- 
crinidae, Rhodocrinidae, Thysanocrinidae, Glyptastcridae, Melocrinidae. 
Actinocrinidae, Platycrinidae, Hexacrinidae, Eucalyptocrinidae, Barrandeo- 
crinidae, and Acrocrinidae. Articulata : tegmen flexible, formed of 
minute plates; brachia may or may not be partly incorporated in cup, 
but not rigidly ; Ichthyocrinidae, Crotalocriiiiilae.* Inadunata : brachia 
not incorporated in cup. These were divided into Larviformia : 
tegmen of few plates; “disc” covered by “vault”; Haplocrinidae. 
Cupressocrinidae, Oafiterocomidae,^ Stephanocrinidae; and Fistulata : 
“disc” not entirely covered by “vault,” but passes out as a porous 
“ ventral sac ” ; Hylx)crinidae, Heterocrinidae, Anomalocrinidae, Belemno- 
crinidae, Cyatliocrinidae, Calceocrinidae, Catillocrinidae, Poteriocrinidac, 
Encrinidae, Astyloerinidae. 

* Removed to Camerata in 1888. * Removed to Fistulatn in 1890. 
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It must always have been obvious that the Neocrinoidea were a 
polyphyletic pjroup derived from the Palaeocrinoidea ; tiie difliculty has 
been to trace the relationship. This task, however, was forced upon us 
when those orders w’’ere finally rejected. Since that rejection did not 
carry with it the overthrow of Wachsmuth and Sprinkler’s sub-ordeis, the 
practical result was the raising of them to the rank of orders, in which 
Neozoic crinoids had to be appropriately jilaced. 

P. H. Carpenter (1889) referred all Neozoic crinoids to the Articu- 
lata (W. and Sp.) as a sub-order, Pinnata, with pinnules ; while the 
Ichthyocrinidae constituted a sulvorder, Impinnata, without pinnules. 
This had the advantage of making Articulata, W. & Sp., very nearly 
the same as Articulata, Muller. But there is reason to beluive that 
the Pentacrinidae are descended directly from the dicyclic Inadunata ; 
and since Tmtacrinus {Le. hocnmis) was Muller’s type, one can hardly 
escape confusion in using the term Articulata for a grouj) that 
excludes the Pentacrinidae. Flexiiulia, Zittel (1895), is superior 
and prior to Wachsmuth & Springer’s proposed substitute Articulosa 
(1897), which, moreover, was used in a dillerent sense by Jacket (1894). 

One reason for the above reference of the Pentacrinidae is the 
<liscovery by AV’^achsmuth & Springer (1897) that in the Klevibilia the 
top columnal is not the latest formed, but a persistent proximale, usually 
fused with the infrabasala ; whereas in Pentficrinidae, as in Caiuerata and 
Inadunata, the top columnal is merely the latest formed, and continually 
moves from its proximal position as new columnals devedop. This, along 
with the other characters, seems to confirm the independent nature of the 
order Flexibilia ; at the same time, the resemblance of early genera 
to contemporaneous Inadunata is so striking, that one must suppose the 
Flexibilia Impinnata to be derived from non-pinnulate dicyclic Inadunata. 
Then the want of links between Impinnata and Pinnata suggests that 
the process may have been repeated, and that Pinnata were derived 
from Triassic pinnulate Inadunata (Fistulata, W. & Sji.). Whether the 
mode of stem-growth indicates affinity or parallel modification is a point 
that demands investigation. 

The Larviformia of Wachsmuth & Springer are generally accepted as 
the most primitive Crinoidea, and as representing the ancestral type of 
all the orders. On this ground the group might be retained, not 
as a sub-order of Inadunata, but as an UrgruppCy or an independent 
order (Zittel, 1895). But their geological age forbids us to regard the 
known genera and species as themselves ancestral to far older forms. If 
then they be placed with other Inadunata, the question arises whether 
the distinction of the dicyclic and monocyclic base is not more funda¬ 
mental than the varying development of the tegmen. A complex tegmen 
is a development from a simple one, but between dicyclic and monocyclic 
the barrier runs back to archaean ignorance (Bather, 1893). 

The Carnerata, like the Flexibilia, form an order fairly well defined 
on a morphological basis. But here too there are grounds for suggesting 
that the modifications may have occurred more than on(^. The evolution 
of pinnules, of biserial arms, of fixed brachials, interWchials, and the 
like, even of a solid tegmen, may all be traced among Inadunata (e,g. 
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Jlt^trijocrinus^ Encnnus, Uintacriaus, Crotalocrinns, Cyathucrinut*). The 
Jictcocriiiidae (VV. & Sj).) present us with the Articulate or Flexible stage 
of the Canierata, and include both Dicyclica and Monocyclica. It is 
reasonable to suppcjsc that the monocyclic Melocrinidae, Calyptocrinidae, 
Batocnnidae, and Actinocnnidae were derived from monocyclic ancestors, 
whether Ileteocniiidae or others, and that the dicyclic Thysanocrinidae 
and Uhudocrinidae were derived from dicyclic lleteocrinidae ami similar 
forms. On the other hand, the Platycrinidae, and their descendants 
Hexacrinidae and Acrocrinidae, are closer to the Inadunata, and sprang 
probably from monocyclic genera, independently and at a later period. 
The Crotalocrinidae, which Wachsmuth and Springer now place in the 
Canier.ita, art; at any rate of totally different origin from all other Canierata, 
and aie intimately allied to (Ujathucmiua and Gissorrhiiis among the 
dicyclic Inadunata. 

Ibeviuus authois have attempted to make their classification serve as 
a key to structure rather than as an ei)itome of descent. And the above 
considerations suggest that Wachsmuth & Springer’s system, though far 
the best from an anatomical htaiidjioint, is not the phylogenetic classifica¬ 
tion sought by the modern biologist. 

A bold attempt at a phylogenetic classification is shortly to be brought 
out by Jaekel. From hia preliminary notice (1894) and subsequent 
writings it appears that he se])arates the Canierata (W. & Sp.), under the 
name Cladoiuka, from the rest, to which he restricts the name Crinoidea. 
The Crinoidea have radials, five arms with brachial^, and ramuli (Jaekel, 
and anal jilates connect»‘d with right posterior radial; their origin 
is from such a simple type as has been described above. The Cladoidea 
originated independently from a many-plated cystid, in which numerous 
arms produced as many rows of supporting plates (co.sfo/?a) in the cup, not 
lioiiiologous with radials and bracliials ; the free co.stalia bear pinnulae 
(Jaekel, mjmi). Tlie resemblances between Cladoidea and Crinoidea are 
admittedly great, but all to be explained comfortably by homoplasy and con¬ 
vergence. The Ciinoiilea (Jaekel) are divided into : —Fistulata : the root- 
group, wdth primitive, simple calyx; including the generally accepted genera, 
also PorocrinuSf CroUilocrinidae, luid Marsupites. Larvata : essentially 
the same as Larviformia (W, & Sp.), but supposed to be derived from 
Fistulata, perhaps through Heterocrinidae. Costata : “ arms give off 
undivided, alternating side-branches, serving in part for reception of 
gonads ; cup usually thin-walled and spacious, composed of a circlet of 
large RR and a tripartite or fu.sed base. No anal plates or tube ; tegnien 
simple, of five 0, to which suboralia ^ may be added ” ; Hybocriiiidae, Hapa- 
locrinidae, Plicatocrinidae, Hyocrinidae, Saccocomidae, Rhizocrinidae (?). 
Articulosa ; the old Articulata, W. & Sp. iwn Muller ; Lecanocrinidoe, 
Ichthyocrinidae, Taxocrinidae. Articulata, Muller non W. & Sp. : 
derived from Fistulata not from Articulosa; Encrinidae, Pentacrinidae, 
Apiocrinidae, Eugeniacrinidae, Antedonidae. JaekePs proposals are here 
alluded to in order that the student may understand the terms used in 
his forthcoming finely illustrated work. They ore valuable as suggesting 
research for a large amount of confirmatory evidence. 

' **Die Oralia mit den Hadialien verbindenden PlMtchen,** 
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The Classification here adopted keeps accepted te "ms so far os 
possible, but the distribution of the groups is very different from that 
hitherto accepted. Dividing all Crinoidea into Monocyclica and 
Dicyclica, we trace in each order a gradual and to some extent parallel 
modihcatioii, here and there diverging in somewhat similar directions, 
'rhus the simplest forms in each order are Inadunata, with free distinct 
arms, and pass from a Larviform stage, with simple tegmen, to a Fistulate 
stage, wdth more complex anal tube and tegmen. At an early period 
(? Cambrian) in the history of the Monocyclica, tlie Cainerate modification, 
viz. rigid incorporation of brachials in cup and ambulacrals in tegmen, 
affected a few forms, and thus arose Monocyclica Camerata. At a later 
period (Silurian) was a repetition of this modification, but one affecting the 
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inadunata. 
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DICYCLICA 

INADUNATA. 
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I 

piSnata. 

I 


Viu . LVI. 

SuppO'«e<l Relations of the Orders an«l 
8nb-Oiih*rw of Cnnoidea. 


1 


cup to a far less extent, and resulting chieHy in a solid tegmen and biserial 
arms; thus arose the Monocyclica Addnata (or Platycrinoidea), which 
even Wachsmuth and Springer find a difficulty in placing with the 
Camerata. These two highly .s|)eciali8ed brunches died out before the 
close of the Palaeozoic epoch, tlie Adunata outliving the Camerata ; but 
the simpler Inadunate forms continued, and reacheil a high degree of 
specialisation in their Jurassic ilescendants, to w'hich the living Hyocririus 
is closely relate<l. The Dicyclica Inadunata similarly gave off the 
Dicyclica Camerata, which persisted only a little less long than their 
monocyclic convergents. The dicyclic Crotulocrinidae of the Silurian 
are curiously parallel to the Monocyclica Adunata, but it is not worth 
while to separate them from the typical Inadunata. About the same time 
arose among the Dicyclic Inadunata the modification that resulted in 
the Flexibiua, with brachials loosely incorporated in dorsal cup. The 
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Dicyclic Inadiiiiuta cauic to their acme in Carboniferous times, and only 
those forms persisted to Neozoic and Recent periods which assumed an 
Articulate modification, vi/. a loose lateral union of proximal brachials, 
as seen in Pentacrinidae, which are convergents of the Neozoic Flexibilia. 
The latter sub-order was represented during Palaeozoic times by the 
Ichthyocrinoidea (Impinnata); between them and the Neozoic Apio- 
crinidae, Bourgiieticrinidae, etc. (Pinnata), the links are missing, but may 
yet be found among Permian and Triasaic crinoids (cf. p. 140). At any 
rate, the Neozoic Flexibilia, when they assumed the free-swiimning habit, 
took a new lease of life and have their acme in our own day. 


The systematic account of the Crinoidea may be prefaced by a table 
of the terms and symbols employed in technical description, as explained 
for the most part in the preceding pages. 


Plates of Patinx 


Infrabasal 

IB 


90 

Basal . 

B 


99 

Superbasal 

SB 


159 

Radial. 

R 


99 

lutcrradial 

lU 


U2 

Superradial 

R.V 


112 

Kadianal . 

RA 


119 

Pararadial 

PR 


150 

BuAriilALs free, Br ; fixed, Br 


100, 112 

Primibrachs . ,, 

IBr , I Hi 


114 

First primibrach 

IBr, 


115 

Secona primibrach 

IBr, 

> % 

115 

Primaxil . 

lAx 

»y 

114 

Secundibrachs. ,, 

IIBi ,, HBi 


114 

Secundaxil 

IIAx 


114 

Tertibrachs 

llIBi 


114 

Quartibraclis . 

IVBi 

> 1 

114 

and so on to the 

Finials 

F 

f > 

115 

Am DU LAC HALS 

Amb or e.p. 

1 f 

100, 115 

Primambulacs. 

lAinb 


115 

Seciindambulacs 

IlAmli 


115 

and so on. 




INTEIIKADIAL AND SUPPLEMENTARY 




ELEMENTS 



109 

Alt interradiuH 

IR 


20 

Iiiterbrachials . 

iBr 


118 

Intersecundibrachs 

illBr 


118 

and so on. 




Special anal plate (or proximal 




median plate of anal tube) . 

X 

»t 

119 

Proximal tube-plate on right. 

rt 

f > 

121 

Corresponding plate on left . 
Deltoids 

it 

A 

»» 

121 

100 

here regarded as homologous with 



Orals . 

0 


124 

Interambulacrals 

iAmb 


118 

Interprimambulacs 

ilAmb 

»1 

118 

Interseoundambulacs 

illAmb . 

ff 

118 


The various radii and interradii are denoted as explained in the table 
on p. 110. 
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We now proceed to review the sub-classea, orders, and faiviilies 
of Crinoidea. 

Sub-Class 1. Monocycuca, Bather (1899). 

Crinoidea in which the base consists of BB only, the aboral prolonga¬ 
tions of the chambered organ being interradial; new columnals are 
introduced at the extreme proximal end of the stem. 

Order L Monocyclica Inadunata 

(= Inadunata, W. & Sp. pars, emend.) 

Monocyclica in which the dorsal cup is confined to the patina and 
occasional intercalated anals ; such Amb or iAmb as enter the tegmen 
remain supra-tegminal and not ngitlly united. 

Thirty-one genera are here referred to this order. Of these, 20 
diverge from the normal symmetry to a greater extent than by tlie intro¬ 
duction of anals, viz. 10 through the horizontal bisection of certain HR, 
other than r. post. R, usually r. and 1. ant. RR, while the remaining RR 
often increase in width ; 8 through such increase in wiilth of certain RR 
(usually 1. post. R and ant. R), often accompanied by variation in the 
number of arms directly springing from RR ; 1 by disappearance of a 
radial (an occurrence also found in some of the other genera), and apparent 
increase in number of arms springing from RR (as in some other genera). 
Only 2 of the genera have regularly pinnulate arms, and in 15 the arms 
arc unbranched. In 14, 0 are not separated from one another or from 
RR; 11 at least have no anal tube, while in 6 of those the anus if it 
existed must have pierced post. O. In the rest the anal tube was always 
supported by a well-defined median ridge of plates, simulating Br. In 
Dicyclica Inadunata such cliaracters as these are confined to very few 
forms, and those the oldest. Therefore, as well a.s on anatomical grounds, 
we infer that the prevalence of the.se characters denotes a primitive order. 

There is considerable parallelism of development between early In- 
adunate forms of Dicyclica and Monocyclica; nevertheless, most of the 
Monocyclic genera fall into clearly marked groups, with which no Dicyclica 
can be confused. The Ilybocrinidae and Stephanocrinua are here taken 
first, because of their simple structure and resemblance to Eublastoidea. 
At a very early period the Heterocrinid type must have arisen, through 
horizontal bisection of RR {antea, p. 112) and branching of arms. locrinua 
and Anomalocrinus may be early offshoots from that line of descent; 
Herpetocrinw and the Calceocrinidae are other remarkably specialised off¬ 
shoots, the latter surviving to Carboniferous times. Starting afresh from 
the Hybocrinidae, the exaggeration of size in certain RR became more 
pronounced in the Pisocrinidae, which, by addition of supplementary 
radials and anna, lead up through Calycanthoerimu and Mycocrinw to 
CaiUlocrinm, a type presenting a strange convergence to Halysiocnnus. 
ZophocrinuBy Alkigecrintu, and certainly Haplocrintu appear to be aberrant 
from this line of descent The more regular Symbathocrinidae, with 
their simple arms, represent either the direct descendants vUe Hybo¬ 
crinidae or a return from the Pisocrinidae to a more normal structure. 
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The Carboniferous Belem7wcrinus simulates many Dicyclica in the com- 
jilexity of its anal tube, but in arm-structure may be regarded as inter¬ 
mediate between the Heterocrinidae and certain Neozoic Monocyclica. 
Of these latter, the first to appear are the Plicatocrinidae, and from them 
spring the Jurassic Sarcocoma and the Recent Hyocrinus. 

Family 1. Hyiiocrixidae. Moiiocyclica Iiiadunata, in which RR differ 
but slightly in size and shape, except r. post. R, which supports on its 
left slioulder the proximal plate (f) of the rudimentary anal tube, when 
present, while its right shoulder is separated by a slanting suture from 
the lower part of the plate and bears an arm. RJ3, 5. Anns, 3-5, 
unbranched, uniserial, non-pinnulate, less wide than RR. C), so far as 
known, large, with traces of hydrospires, not sejiarated from RR by 
supplementary plates ; post. 0 cut into by anus and pierced by h\dropore. 
Amb rest on adjacent edges of 0. Genera— Hiihocydis^ Wetherby (1880, 
see p. 05, Fig. I.); Ibjhociutus^ Billings (1857,-50 ; syn. Indianocnnus^ 
Mill. & (birl.), Ordovician ami Silurian, N. Ameiica (Figs. LVII. 3, VI. 
and XXXVI.) ; llopliKnumi, Grewingk (18G7), Orilovician, Russia, includes 
Ikierocrinus (Fig. L\'il. 1, 2, 4;. For chief literature see W. & Sp. (01). 



1 2 3 4 

Flu LVll. 

Il\IxM'nniilno. 1, Hnjihn i inn'^ (iifienUis \\y\v'), ‘J, II tOj* wft'A (\ai.), 11, J!'ibot rmin 

(>', 4 , lidcriM nnii^" Vninrui. 

Family 2. Stephanocrinidae. Monocyclica Imulnnata, with 5 equal RR, 
Ciuh bearing an arm in a deep radial sinus. BB, 3, the unfiiH'd B being 
usually r. ant, as in Blastoidea. Arm.s branched. 0 large, with traces of 
hydrospires (?) at their junction with RR; anus at junction of post. 0 with 
RR, with minute valvular covering. Amb, often fused, rest on adjacent 
edges of O, and 5 large ones, often fused, cover the peristome. Genus— 
Sfcphamcrinus, Conrad (1842, see j). 9G, Fig. II.), Silurian, N. America 
and Britain, and as Bhombifera minT' in Bohemia. The arms are 
said to branch, but no two observers agree aa to the mode of branching, 
and in fact it seems to differ in the various ambulacra of the few 
specimens that preserve the arms (R. P. Whitfield in litt.). 

Family 3. Heterocrinidae. Monocyclica Inadunata, with x usually 
resting on left shoulder of r. po.st, R.»?, and partly on right shoulder of 
1. post R, but sometimes sunk between the two, and always supporting a 
long anal tube. BB, 5. Arms, 5, with proximal Br usually full width of 
RR; isotomoua or heterotoniou.a, or bifurcate with armlets ; non-pinnu¬ 
late. 6 0, without perisomic plates, have been observed in Heterocrinus 
hftrodactylus juvenis^ but the relations of Amb to tegmen are unknown, 
Ocnera—iocrtViMS, Hall (1866), Ordovician, N. America (Figs. XXVI. 1; 
X.XVIII.: and LVIII. 1); primitive in its isotomous arms, and RR similar 
in shape and undivided, except r. post R, from which an upper portion, 
in shape like an axillarti, is separated by a horizontal suture, and bears an 
arm on its r. shoulder, and on its 1. shoulder a line of ossicles supporting 
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an anal tube. Therefore for this line of descent, such a position of the 
median dorsal rib of the anal tube is considered primitive (among Dicyclica 
a similar stage is presented by Merocriniis). Anal tube somewhat com¬ 
plicated. Stem markedly pentagonal, with 6 interradial sutures. Heteio- 
vriyiuSf Hall (1843, em. S. A. Miller, 1889, syn. Stnwcrinus, W. & Sp.); 
EctenovrviuSf Miller (1889) ; and Ohiocrinus^ W. & Sp. (1886), are best 
known from Ordovician, N. America, but certainly had representatives 
in Europe, where also they were preceded in Cambrian seas by “ Dendro- 
crifius cambriensis” Hicks (1873), which seems allied to locrinus. They 
agree in the transverse bisection of r. and 1. ant. RR, in addition to 
r. post. R (exceptionally 1. ant. R is simple, and ant. R may be conipoimd in 
its stead); in the partial entry of the proximal plate of the anal tube into 
the cup, sinde it now rests partly on 1. post. R, though more intimately 
connected with r. post, lis (Fig. XXVII.); in the departure from isotomy 
in tlie direction of two rami with armlets. In HeterocrinuSy OhiocrirtuSy 



1 



2 



Heterocnnulae. 1, locnuus. 2, JItUrocriaus belUvilleiuu. 3, LvUitotiunus. 4, AhoumIo- 
('rmud. 


and locriniui the stem is pentagonal and quinquepartite ; in Ectenocrinus 
almost circular and tripartite. The anal tube is straight and narrow 
in Htterocrinus and EcienocrinuSy spirally coiled in Uhiocrinus (cf. 
BotryocrinuSy Streptocrinus), EJcteiwcrinus has almost reached a pinnulate 
stage of arm-branching, since the Br form syzygial pairs. Anomalo- 
crinuBy Meek & Worthen (1886 ; syn. AiaxocrinuSy Lyon), Ordovician, N. 
America, differs from the last three genera: (1) in greater irregularity of 
RR, 1. post. R being larger than the others and often bisected vertically 
(1. ant. R or ant. R, as well as r. post. R,are horizontally bisected as usual); (2) 
in its peculiar arm-branching (Fig. LVIII. 4). HerpetocrinuSy Salter (1873 ; 
synn. Ophiocrinus, Charlesworth ; Myelodactylm^ Ang. and [?] Hall; []] 
BrackiocrintLSy HalL Fully described. Bather, 1893), Silurian, Europe, 
and probably N. America. Crown bent, in the transversal plane, back 
on the stem, which is then coiled around it in the opposite direction 
(Fig. LIX.). The coil could be tight, or could be uncoiled and the crown 
exposed; the movement was effected by an elastic ligament towards the 
inner margin of the columnals, counteracted by strong muscles towards 
the outer margin, the fulcrum being a transverse ridge. Columnals show 
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traces of original pentarnerisrn, but over the greater part of the stem are 
crescentic in section, the concavity being on the inner margin. Cirri, 
borne on the horns of the crescent, vary in their arrangement in different 
species. No root in adult One ray missing ; other KR all compound, 
except 1. post. R sometimes ; x lower than in other Heterocrinidae, partly 
rests on r. post Hi (the radianal, RA). The tube outwardly resembles a 
series of Br and covering-plates. Arms slightly heterotomous. The 



Fiu. LIX. 

Krrpetomnm FIrfchen, in its natural eoHed |h)sUio«, lh«‘ cirn winch cn>eieti the crn>\n 
having been removed, t', cirn ; b, longitudinal »uture of Ntcni , anal tul>u. (Altci Bathei, 
1898.) X 

remarkable resemblance of the coiled cirriferous stem to a pinnulate, 
canaliculate arm has misled most writers ; for the crown is rarely visible 
p. 134). Family 4. Calcrocrinidae. Monocyclica Inadunata, with 
the essential characters of typical Heterocrinidae, the 1. ant, r. ant., and 
r. post RR being compound, and the arms branching primitively on the 
plan of Heteroerinus heterodactylus ; but with the following modifications 
induced by the bending down of the crown :—the r. post. IR lies alongside 
the stem ; the 1. ant. R lies away from the stem ; the plane thus marked 
is one of a gradually increasing bilateral symmetry ; r. post, arm always 
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absent, its place being occupied by anal tube ; tlie tube encroaches on 
r. ant arm, so that this too disappears; r. post lU and r. ant. Rs fuse 
to form a T-sliaped piece supporting anal tube; the T*piece atrophies, 
and the tube then rests on the corresponding inferradials ; the simple RH 
(I. post and ant) increase in size, forming the sides of the cup and bend¬ 
ing round on the adcolumnal side where the anal tube is, as w'ell as on 
the acolumnal side, where they eventually meet between the two halves 
of 1. ant R ; the arm borne by 1. ant R may fork once, but usually 

Fio. LX. 

Citlcfornmis tucanus, from the anterior side. 

/•, the base, hinged to left anterior radial, 
winch iM out of sight, and ftexibl> jointed to 
> H.Ih, light anterior iiiferradial. tlie siii>er- 
itidialH of this and of tlie currespondiiig radial 
oil the other side are hidtlen by the series of 
iiiaiii-axils, IAj to VAj, which sii]>]>ort the 
blanches of the two large side-arms; the 
MMble side-arm, Itr, is the anterior, and 
siniiigs trom n.K, anterior radial; lUdiminished 
blanches aie seen at y and 6, its enlargeil 
biaiiches at V ; the Miigie arm along the u|)]»ci 
side IS the left anterior(/ n.Jir). (After Balhei, 
1M>3 ) Natural si/e. 

remains .''imple, owing to the extraordinary development of the arms 
borne by the two large RR on either side of it; the ailcolumnal ramus 
of each of tliose arms is reduced to a series of 3-8 a.\illaries (main-axils; 
which lie side by side, curving round towards the anal tube ; each main- 
axil gives off a branch which itself hears armlets, which in turn may 
assume the regular nature of pinnules, an 1 are rauly visible on the 
exterior of the folded arms ; the acolnninal ramns dwindles in size and 
becomes hidtlen by the otlier branches ; r. post. T> atrophie.«, 1. post, and 
1. ant. BB fuse, and the three plates thus left form a triangular ba.se, 
which is regularly hinged to the I. ant. Rt, so that the crown could move 
up and down in the sagittal plane of its bilateral symmetry ; on the other 
hand, the columnals lia\e each a slight curvature in tlii't jdane, and this 




Fio. lx I. 

Diagrams illuHtratiiig th« Htniclun! of tlu* iKistcilor area in 1, Cn^foci unta. 2, EurhirocHnus. 
CaUxocnnus, 4, Halynocrinxi*. 


kept the stem itself rigid. The various stages in the evolution are 
marked by 4 genera (Fig. LXI.) : CastocrinuSy Ringueb. (1889), Ordovician, 
N. America; EuchirocrinuSy Meek & Worth. (1873 ; synn. Cheirocrinusy 
Hall non Eichw.; Cremacrin\i8y Ulr. ; ProclivocrinuSy Ringueb.), Ordovician 
and Silurian, K. America; CalceocrinnSy Hall (1852, em. Ringueb., 1889 ; 
aynn. CheirocrinuSy Salter, nom, nud.; PendulocrinuSy Austin, MS. ; ? Delta- 
crinuSy Ulr.), Silurian and Devonian, N America arid Europe; Halysio- 
crinusy Ulrich (1886, em. Bather, 1893), Carboniferous, N. America. For 
history and morphology see Bather (1893). 
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Family r>. Pisocrinidae. Monocyclica Inadiinata with 1. post. R 
iin<l ant. R much larger than the other RR ; r. post. R is the only 
compound R transversely hisecti'il, and its lower half separates r. post. R«, 
and r. ant. R from BB, and forms with tlie two large RR the greater part 
of tlie dorsal cup. Arms unbranched and non-pinnulate. An anal tube 

<y 



t 


3 . CaJycantho- 
crinns. 




Fi«. LXll. 

IMHOcnnUlaH nml Catillooriniilae. VRy itaiaradmls; f, anal tube plate = x ; A', radianal 
-It I ; other leltera hh UMiial. In Mycocrmvi the radianal and lower parU of RR are hidden 
and therefore repreHented by dotted lines. 

usually present, resting on post. RR or on their processes. Genera— Piso- 
crinusy de Koninck (1858), Silurian, N.-W. Euix)]>e and N. America (Fig. 
LXII, 1; see also XVIII. 5), and Triacriun^, Munster (1839, syn. Tricho- 
crinus^ J. Mullor, 1856), Dewonian, Germany (Fig. LXII. 2), differ in that 
the former has 5 BB, the latter 3. But incipient fusion of BB is seen in 
P. oUulay and 5 BB occur in some Triacrinus, The anal tube closely 
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resembles an arm, and its presence was first notified in 1893. The relations 
uf the cup-plates, till then misunderstood, were thus shown to be essentially 
the same as in the majority of Monocyclica, while the origin of Calycantho- 
rrinuSy Mycocrinm^ and Catillocrinus became clear. This was confirmed by 
Jaekel (1895). Pisocrinus was shown by Wachsmuth to have 5 0 sur¬ 
rounding a peristomial space ; a groove passed along each interoral suture, 
and probably conveyed the food-grooves to the central opening. The 
rectum passed into the anal tube between post 0 and adjacent RR. An 
anal tube is said by Jaekel to have been absent from the thinly plated 
>pecies of Trmcrin\LS in Devonian slates. CalycanihocrinuSy Follmann 
0887), Lower Devonian, Germany, shows a remarkable modification, 
in the introduction of small arm-bearing plates (“ pararadials ” PR), 
in the positions shown in Fig. LXll. 3. This may be compared with 
the vertical bisection of a radial in Anomalocrinus or the addition 
of 5 “ interradlal radials” in Prmnachocrinm; but it is the first strge 
of a process continued in Catillociinidae. It is hard to see how this 
process could have been iiiauguiated except as a discontinuous meristic 
\ariation (cf. Bateson, Mciteruth for the Study of Variation^ chap. xvii. 
1894). Family G. Catillocrinidae. Monocyclica Inadunata, in which 
1. post. R and ant. R are much larger than the other RR, and bear PR, 
usually fused to them ; no RA visible. Arms unbranche<l and non- 
pinnulate. Anal tube resembling arms, but stouter, rests on left i)rocess 
of r. post R. Genera —MycocnnuSy L. Schult/e (18G6, W. & Sp., 1880 ; 
Jaekel, 1895), Middle Devonian, Germany (Fig. LX II. 4), diffemfrom Caly- 
cantluxrinus m the suppression of RA an<l the PR borne by it; the still 
greater oize of 1. post. R and ant. R, which now bear 6-7 arms apiece, ?.e. 
15-17 arms to the whole crown. The 3 BB become fused, while the 
10-12 PR are usually fused with the large RR 011 wdiich they rest. The 
increase in size of the large RR takes place chiefly in the upper part; all 
the RR rest on tlie ba^al circlet, which forms a knob sharply separated 
from them. (\itillocrinuSy Shumard ex Troo.st (1860, syn. Ntmatocrinus^ 
Meek & Worthen ; see W. & Sp., 1886), Lower Carboniferous, N. 
America (Fig. LXII. 5). The cup has here resumed a shallow basin- 
shape, and differs from Myafcrmus in the complete fusion of BB and the 
still greater lateral extension of the 1. post. R and ant. R in their upper 
regions. Those large RR now bear 15-31 arms apiece, there being 
usually more on ant. R than on 1. po.st R (cf. Calycanilwcnnm), The PR 
are absolutely fused with RR, or were never developed at all. The basal 
circlet prt^jects upward on 1. ant. side, but is almost hidden by the stem on 
the other 8i<le. The arrangement and shapes of the plates curiously 
re.semble those which obtain in Halysiocrinus^ while the arms may be com¬ 
pared to the branches that spring from the main-axils in that genus. A 
similar lesult has been attained by two lines of development, which, in 
their initial stages, were as difl'erent from one another and from the 
normal type as could well be. The relationship of these forms is a 
problem that would repay yet deeper study. Family 7. Zophocrinidab. 
Monocyclica Inadunata, with 3 BB, 2 equal and 1 larger ; 4 RR, 1 rather 
larger than the rest, and probably equals r. and 1. post fused ; 5 0 form 
solid tegmen, post 0 being the largest, and r. and 1. ant 0 the smallest 
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and, wliat is rather unusual, not meeting post O in centre; anus unknown; 
5 groups of short arms lie where the interoral sutures meet the RR, 
which is not in the middle of any RR except ant R (see Fig. LXIII. 2); 
each arm-group appears to consist normally of 3 elements, 2 inner and 
1 outer, all springing equally from the calyx ; stem with small axial canal. 
Genua— Zaphocrinus^ S. A. Miller (1891), Silurian, Indiana (Fig. LXIII.). 
Theca pear-shaped ; Miller says there are 5 arm-plates in each group, and 



XopluK'rinua hott'anh, fioin a in the eolleetion of Hon. F. Springer. 1, fioni 

poRteiiiir, X f ; 'i, oral surface, x y ; 3, dihsection of plates. 


tlii.s may be so in some specimens ; these anu-plates may be compared 
with the arms of Catillocrinidae, but wdiether they bore further Br ih 
uncertain. The tetramerism of this genus affects the cup only, and was jiro- 
duced by fusion, not by atrophy as was probably the ca^e in Herpetocn)iv<. 

Family 8. Haplocrinidae. Monocyclica Inadunata, with 5 B]^>, r> 
RR,of which I. ant, r. post, and r. ant are compound; tegmen composed 
solely of 5 0, one being pierced by a pore (? anus-p In dropore); 5 arni.s. 
unbranched ami non-pinnulate, the food-grooves supposed to be subteg- 
ininal. Genus —Haplocriiuuij Steininger (1837 ; Aplocrinns^ d’Orb. ; set* 
AV. Sp., 1886), Devonian, Europe and N. America (Figs. XXXV. 
and LXIV.); resembles the typi¬ 
cal Heterocrinidae in its cup, 
the Pisocrinidae in its arms, 
and Alhvjecrinus in its tegmen. 

The pore in post O was dis¬ 
cussed on p. 126. Family 9. 

Allaqecrinidae. Monocyclica 
Inadunata, with 5 BB, 5 RR all 
simple, but of unequal and vari¬ 
able size, the larger ones often 
bearing 2 arms, while some arms 
may occasionally be absent or diminished in size; tegmen composed in 
the young of 6 0, one pierced by a pore (? anus -f hydropore); 5 arms un¬ 
branched and non-pinnulate, the food-grooves supposed to be subtegminni. 
Genus —AUagenintUf Etheridge & Carpenter (1881, restricted by W. & Sp., 
1886), Lower Carboniferous, N. America, Upper Carboniferous, Scotland, 
resembles Haplocrinus in its tegmen, while the duplication of arms is 



PisBection of cup of Haplocrinus. =s radianal. 
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lemini^cent of Cabjcaiithocrinns; here, however, the lUl are axillary, 
and rU not developed. Eowley (189.*)) has described calyces less than 
•f) mni. hi|^h. Family 10. Symbathockinii>ak. Monocyclica Inadunata, 
wdth T) simple RE, bearirijr 5 unbranched, iion-piniiulate aims, wbicli rest 
as a rule on broad articular facets projecting adorally in “ muscle-plates” 
corresponding to the muscle-fossae. Genera —Plmnonvum (Low. and Mul. 
Devonian, Europe), Stylncrwus and StortuigoniJiua (Mid. Devonian, Euroj»e), 
t>ijmbathocriiiiis, including Lmfeyiiocrinuif^whidx is probably its young (Up]ier 
Devonian and Lower Carboniferous, Europe and N. America). Jliiiuocrin 
Schultze (1866), is primitive in having 5 BE, while all the rest have ; 
the oldest species, J\ Jouhnii^ Oehlert, shows clear traces of horizontal 
suture in r. post., r. ant, and 1. ant RE, the usual compouml RE of typical 
Heterocrinidae ; the proximal plate of the anal tube is placed as in thoM* 
forms. The latter feature is also found in Stuitingocrinus, Schultze (1866), 
which is notable for having the small unfuseil Jj in 1. post IB, and the 
angles of the columnar canal radial in position, though the genus is Mono- 
cyclic. StylocrinuSf Saiidberger (1890), ha.s no facet on EE for sujiport 
of an anal tube, nor is the usual passage for the rectum seen in the cup- 



Di^^fc’tion of fiij' Ilf miff-'. Tlu* piojcct loll^ (iii tin* Jill are niiiMclt'-pIuti s 

wall ; therefore one cannot orient the .small B ; the anus 2 )robably pierced 
post. 0. Si/mlxfflincrnniSj Phillips (1836), ha.s .small B in 1. ant IE, as in 
Platycrinidae ; the anal tube re.sts on the shoulder of r. post R ; 5 0, 
all small, po.st. O being the largest and separated from the muscle-]date8 
of the adja< ent EE by the j)a.^.sige ol the rectum (Fig. LXV.). The faniuy 
is not cleiirly defined, and its Mi<ldle Devonian members pre.sent remarkable, 
though superficial, resemblances to the contenij>orary Cupressocrinidae. 

Family 11. Belemnocrinidar Monocyclica Inadunata, with ft 
BB, ft simple BE, each supporting by a slightly excavate facet an arm 
which forks on lBi\, . ; each raiiiu.'*, with numerous sy/.ygies in the 
proximal portion, bearing ramuli on alternate sides of most epizygals 
and of all ordinary di.stal brachials ; single narrow anal in radial circlet, 
re.sting on post. B, and supporting a large anal tube composed of alter¬ 
nating hexagonal ])lute«, folded on their lateral margins. CJemis— Iklfm- 
jtocrifnutf White (1802), Lower Carboniferous, N. America. Dorsal cup 
elongate, its plates solid, and thecal cavity a narrow canal below and 
shallow excavation above, thus resembling that of many Neozoic crinoids. 
Jl. typua has no cirri on the stem, wdiich is circular in section ; B. fierifet' 
has a stellate stem of true Monocyclic type, with 3 or 4 cirri to each node. 
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Mi!>souricrinHs, S. A. Miller (18!) 1), Burlington group, if truly Mono- 
cyclic, must be placed near here. 

Family 12. Plicatocrinidae. Monocyclica Inadunata, Mitli BB fused 
into a knob-like sujiport ; 4 or G (exceptionally 3, 5, 7, or 8) simple RB, 
enclosing wide thecal cavity, eacli supporting an arm, mIiicIi forks on 
Ilii, ; IIRr Nseilge-shaped, united by perforate articulation, not, so far as 
known, by syzygy, regularly jiinnulate ; pinnulars tend to fuse. Tegmen 
unknown. Columnals cylindrical, with radiately striated joint-surface. 
Knr full account, and for the evidence of the axial canals ])as8ing from HR 
into the fused basal circlet, so proving that it is no cobimnal, see Jaekel 
(1893). Genera— Plicatocrinm^ Munster (1839), Upper Jura, Germany 
(h’ig. LXVI.), thin HR enclose a wide and di‘ep thecal cavity, facets from 
}, to 1 width of R, crescentic, without 
large muscle-plates ; proximal pinnules 
composed of 3 pinnulars, which in suc- 
<*ccding pinnules are fused to a solid piece. 

Trtmcrinus^ Munster (1839), Upj>er Jura, 

France and Germany, has thick RR with 
strong muscle-fossae. The occasional oc¬ 
currence of 3, f), 7, or 8 rays shows that 
the normal 4 and G arose from the more 
usual 5 as sports (i.c. discontinuous meris- 
tic variations). Family 13. Hyocrinidak. 

Monocyclica Inadunatii, with 3 thin BB, 
the smaller one in I. post. IR ; 5 RR, thin, 
broad, and sj)aile-8haped, with a slight axial 
Gild running straight up the midille from 
the subjacent B and ending in a narrow 
facet ; 5 arms, bearing unbranched alter¬ 
nating ramuli, which may be modifieil in 
their proximal portions for reception of 
rijie gonads; Br long, cylindrical, with iss 2 , x ,‘) 
deep, narrow ventral groove ; below the 

fust ramule, which is on the right of each arm, are G Br, with the 
joint between ^ach pair a syzygv ; between successive ramuli are 3 
Bi’, united by syzygies ; jiroximal ramuli the longest, and the follow¬ 
ing ones proportionately shorter, so that they all terminate on the 
same level as the arm ends ; 5 triangular 0, separated from RR by 
iAinb aiul Ainb, cover the wide mouth and circumoral tentacles ; each 0 
as a rule pierced by a water-pore, and post. 0 by 2 ; water-pores also 
pierce several iAnib, but not in post. IR ; anal tube reduced to a small 
coni‘ towanls the left of the post, intcrambulacrum ; columnals cylindrical, 
slightly higher than wide, united by discs of ligament-fibres, joint- 
surfaces hollowed and plain or indistinctly striati*, with stellate axial 
canal ; no cirri ; root unknown. The sole living repre«-entative of the 
order i« the unique species Iffjorrunis fH’fhellianiui, W.-Thomson (1876, 
Fig. LX VI I.), dredged by II.M.S. C/utllerujer 30 miles W. of Crozet Is., 
in the Southern Ocean, while columnals are said to have been found 
in Mid-Atlantic just N. of the Equator; see P. H. Garpenter (188 4). 



V\u. I.XVl. 
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Evidence for its truly Monocyclic nature is wantinj'j but in the 
absence of proof to the contrary, it must be 
left in this, apparently natural, position. The 
stem is not unlike that of some Plicatocrinidae; 
the branching and syzygies of the unforkcd 
arms remind one of the structure in the 
arm-rami of Belemnocrinus and Saccocoim; the 
cup is not unlike that of Plicatocriniis Fraasi. 
The only specimen at all complete is a male, 
with testes probably mature and swelling out 
in the proximal portions of the proximal 
ranuili; m these regions each ramular sup¬ 
ports 2 or 3 square side-plates on either side, 
and these support the covering-plates. The 
orals could probably open to expose the 
funnel-shaped gullet, which leads into a 
narrow gut with single dextral coil; glandular 
ridges line the gullet and first part of the gut 
The intra-thecal connective tissue contains no 
.spicules. Family 14. Saccocomidae. Mono- 
cyclica Inadunata, in which 5 HR and a 
minute centrale enclose a large spheroidal 
thecal cavity ; each K has a prominent median 
ridge ending in a narrow facet, which sup¬ 
ports a thin arm, forking on IBi’g ; beginning 
at about lIBrj^, each ramus gives off from 
every 3rd Br unbranched alternating ramuli 
arranged as in Uyocrinus ; the rami and 
ramuli are usually found rolled up in their 
distal portions; Br cylindrical, elongate; 
lax and the more proximal IlBr may bear 
lateral, paired, wing-like expansions, which 
in the more distal Br and the ramulars are 
always represented by delicate trellised pro¬ 
cesses, with thicker upper and under mar¬ 
gins, which it is conjectured supported a 
continuous membrane; no stem; all skeletal 
elements very thin and coarsely reticulate. 
Genus— Siiccocoina, L. Agassiz (1834 ; syn. 
Eunjaley Konig), Solenhofen Lithographic 

I Fio. i.xvii. Stone, Upper Jura (Fig. LXVIIL), Jaekel, 
ByocHnw bethel- who has admirably elucidated the structure 
cSSUmger Nm” affinities of this wonderfully specialised 
live, xf) crinoid (1893), considers that.the arms were 

swimming-organs, the food-groove, ambulacral, 
and genital systems being atrophied at their 
distal ends, and that the animal was pelagic, 
floating in enormous swarms in the peaceful lagoons of Eichstadt and 
Solenhofen. 
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Fio I.XMII. 


Surrocanw. 1, ,S. trndla, from jiboml surlac** (uftei Juekpl, x 2, S. 2 ^''thiat(i, fiom 
aboml Hiirl.icf, to show rolling' of anii-braiiclics (a A), li, >. ])ectinatn, cup ami pioMiiial 
luaclnali from siile (after x 


Order 2 . Adunata (Bather, 1899). 

Mouocyclica with dorsal cup primitively confined to the patina and 
an occasional single anal ; tegmeii solid ; portions of the proximal Br 
and their Amb tend to be rigidly incorporated in the theca. Arms fork 
once to thrice, and bear pinnules on each or on every other Br. BB fused 
to 3, 2, or 1. {EncUidocrinm and Acrocrinidae offer peculiar exceptions 
to this diagnosis.) 

The genera of this order have been referred, in whole or part, to the 
Oamerata or their tiiuivalents by most recent writers. But most of the 
Silurian genera here inclinled are admitte<l as close allies of Monocyclica 
Inadunata. If so, then they were derived from Inadunata ages after the 
typical Camerata had appeared. Moreover, though the Devonian ainl 
Carboniferous <lescendants of these Silurian genera became modified after 
the fashion of the C!!ameruta, there is scarcely one in which the modification 
is so great as in the simplest Cainerate. Tlie order is divisible into two 
groups— A. witli RR in contact all round the cup, and base consequently 
l»entagonal in outline ; B. with RR separated by an anal plate in post. 
IR, and base consequently hexagonal in outline. The relations of 
these groups are not clear. B, may be derived from A. by sudden inter¬ 
calation ofun anal, or A. and B. may have descended independently from 
Inadunata; the absence of B. from Silurian rocks renders the former 
hypothesis more probable. There is no difficulty in imagining the descent 
of early genera of A., such as Cordylocrinm and Coccocrinus^ from Hybo- 
crinidae in which the cup had become as symmetrical os in, say, StepJuino- 
ci'inus while the arms had passed through regular dichotomy to a stage 
with ramuli, as in Sctmocrimis, The actual intermediate form is not yet 
known, but that it will be found among Ordovician crinoids is a 
legitimate inference. 
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Group A. Family 1. Platycbinidae. No anal. BB 3 (=2 fused 
pairs and 1 unfused, this being usually the left, sometimes the right, 
antero-lateral) forming a pentagon. Cordylocrinus^ Hapalocrinus, Cocco- 
crinuSf and Cylicocrintis^ whieti appear in the Silurian and continue to 
Devonian, are more primitive than the rest. Marsipocrinus^ though also 
Silurian, is considerably more advanced, and may be regarded as a 
first attempt at the typical Platycmim structure; it was apparently an 
unsuccessful attempt, since it left no descendants, although Wachsmuth 
Sc Springer and Jaekel seem to regard Platycrinm as such. Platycriniis 
came in the Carboniferous, with its offshoot EiLcladocrinuSy and, unless 
we are to imagine a reversal of the genera] trend of evolution, must be 
derived from a simpler form than Mantipocrirnat. These facts are best 
presented by instituting 3 sub-families. Sub-Family 1 . Coccocrininak. 
Platycrinidae with IBr 2 (3 in Hapalocrinns Victoriae ); IIBr more than 
2 ; few Amb and iAmb in tegmen ; (?) anal tube rarely present; stem cir¬ 
cular in section ; lumen small and round. Genera —CoccocrinuSy J. Muller 
(1855, syn. Amblacrinusy d’Orbigny p/tr.?, 1849), Silurian of America, 
Devonian of Europe ; 0 large, symmetrical, almost covering the tegminal 
ambulacra ; iAmb 1 or 3 ; anus between O and iAmb ; arms apparently 
delicate, fork once, distal portions unknown. CylicocrimiSy J. Muller 
(1855, as Culicocriyitis; Jaekel, 1895), Devonian, Germany (Fig. XL.), 
differs from ‘ C'occomniw chiefly in having heavy biserial arms. Hnpalo- 
mnws, Jaekel (1895, em. Bather, 1897 ; includes Thallocrinu^^ 

and ClematocnmiSf Jaekel), Silurian of England, Australia, and (?) N. 


America, Devonian of Germany (Fig. LXIX.); 0 small; iAmb more than 



1 ; Amb visible betu een 0 and iAmb ; 
arms fork once, sometimes twice, varying 
in this respect in the same species, or even 
individual; IIBr (and IIlBr when pre¬ 
sent) uniserial, or slightly in zigzag, bear¬ 
ing alternately disposed pinnules, either 
on each or on every other Br; cirri at 
the root, and often on nodals. Cordylo- 
rrinusy Angelin (1878 ; W. & Sp., 1897 ; 
Bather, 1897), Silurian of Gotland and 
England, Lower Devonian of N. America ; 
differs from Hapalocrinns in having com¬ 
pound IIBr, each of which bears a pin¬ 
nule on each side. Sub -Family 2. 
Marsipockininae. Platycrinidae with 
one IBr ; IIBr, if not finials,one or two ; 
many Amb and iAmb in tegmen ; no 


Fio LXIX *^''**^ tube; stem circular in section; lumen 

„ , , ^ ^ large and quinquelobate. Genus—Mar- 

Miw. E5615. c, cirri; iBr, interbrii- sipocnnuSy Bather (1889, nom. nov. pro 

Marsnpiocrinusy Phillips, 1839, non de 
Blainville, 1830 ; syn. Cypellocrinus vel 


Cupellaecrinus, Shumard, 1866, ex Troost MS., non Steininger), Silurian, 


N.-W. Europe and N. America ; arrangement of cup-plates shown in Fig. 
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LXX., and of tegmen in Fi^. XXXII. ; O rather small, pushed anteriorly, 
and asymmetrical; tej^minal I Amb and IIAmb distinctly visible; arms fork 
once or twice, stout, biserial, with large pinnules ; no cirri on column. The 
large size of the cup is accompanied by development of stroma-strands across 
the sutures. The large tegmen permitted a Gastropod {Phityceras) to attach 
itself above the anus and live on the excrement; this is seen in many of 
the larger Adunata and Camerata and a few other crinoids (Keyes, 1888). 
Sub-Family 3. Platycrininar. Platycrinidae with IBr 1 (rarely 2), IIBr 2 
(rarely 3) ; tegminal Amb and iAmb usually more than in Coccocrininae, 



Fuj. LXX. 

Afarsipocrinus, fToin Brit. Mu«. E651i>. pn, pinnules; other letters as usual. Nat. size. 

fewer than in Marsipocrininae ; anal tube often present; section of stem 
circular near the cup, elliptic or rhomboid below, wdth fulcral ridge following 
long diameter; lumen small and round. Genera— Platycritms^ Miller 
(1821, W. & Sp., 1897 ; synn. Cetarocrtnus and Pleurocrimts, Austin; 
EihoardsocrinuSy d’Orb.), Devonian (1 species), Carboniferous, Europe and 
N. America (Fig. LXXI.); 1-3 iAmb always rest on the adjacent shoulders 
of the RR in each IR, and consolidate a varying number of Br and Amb 
with the calyx; arms fork once to thrice (exceptionally more), the dichotomy 
often irregular, producing 6 rami to the arm ; columnals have a slight 
skew, so that the fulcral ridge of the proximal surface lies at an angle to 
that of the distal surface ; thus the flattened stem, which otherwise could 
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move only in one plane, has a spiral twist that enables it fD bend in any 
direction (Fig. XLIX. 6, 6). EucladocrintiSy Meek (1871, W. & Sp., 
1897), Carboniferous, N. America ; appears late in the history of Platy- 
crmus, from which it was evolved polygenetically by modification of the 
arms ; two main rami to each arm (sometimes only one ramus) composed 
of biserial Br, with large almost rigid Amb, form tubular extensions of the 
thecal cavity, and give off on alternate sides short, biserial ramuli, which 
in turn bear pinnules (Fig. LXXI. 4). This sketch of the evolution of the 
Platycrinidae is confirmed by the ontogeny of Platycrinus. In young 
stages (Fig. LXXI. 2) the basal cup is relatively shallower; RR less high ; 
columnals circular in section ; Br uniserial, later on zigzag, and longer ; 
pinnules relatively stouter and wider apart; O relatively larger, and 



Fio. LXXI. 

Platycrininae. 1, alK>ral view of cup and proximal brachials of Platycrintia auhsjnnosus{a,fi^T 
Wachainuth & Springer). 2, crown of young P. Huntsmllae, from Bnt. Mu.s. E6778. x ft. 8, 
calyx of F. eminuliis, anterior view (after W. & Sp.). 4, arms of Kuiladocnnus millebrachlatvB, 
oral surface showing covering-plates (c.p)and aboral surface (after W. & Hp.). FF, articular facet 
tor arms ; Rm, ramus ; r, ramule ; other letters as usual. All (exr. 2) two-thirds natural size. 

occupying greater part of legmen. From this obviously Coccocrinine stage, 
the change to the mature Platycrinus has been observed in many species. 

Group B. Family 2. Hexacrinidae. Cup formed of 1, 2, or 3 BB, 
forming a hexagon; 5 RR; and 1 anal in line with RR. The family 
is closely related to the Platycrinidae, but differs in the hexamerous 
symmetry ; also, as a consequence of this, in the presence of an interbasal 
suture in post. IR, whereas in Platycrinidae the nearest to that position 
is in r. post radius. Genera— Hexacrinus, Austin (1843, Schultzc, 1867, 
W. & Sp., 1897), Devonian, Europe and N. America (Fig. LXXII.); 
BB 3 ; IBr, 2 united by syzygy in America, only 1 in Europe ; arms with 
2 rami, bearing ramuli on one or both sides at intervals; Br nniserial, 
and all except axillaries bear pinnules ; tegmen as in Platycrinus ; stem 
circular in section, with small round lumen. Arthracantha, Williams 
(1883, syn. HystricrinuSf Hinde, 1886), has theca »of same structure, but 
armed with movable spines borne on tubercles; anns dichotomous, biserial; 


THE CRINOIDEA 


159 


stem circular in section. Dichocrinusy Munster (1838, W. & Sp., 1897, 
syn. Cotyledonocrijiusy Casseday & Lyon, 1860), Carboniferous, Euro 2 >e and 
N. America; BB 2 ; IBr 2, united by syzygy ; IIBr^ ^ when arms 
fork again, IIIBr^ ^nd j united by syzygy ; arras thin, uniserial or 
biscrial, occasionally pendent; stem circular in section. Camptocrinuxy 
W. & Sp. (1897), Carboniferous, America, differs from Divhocrinus 



Fiu. LXXII 

lUMtainns. 1, analysis of cup ; J,//, eiipfjom bflow. (After L. Schultzp.) x 


only in the structure of the stem, which in its crescentic section and 2 
series of cirri resembles that of Herjyetocrinus (p. 147). Talarocrinuny AV. 
& Sp. (1881-97), Carboniferous, N. America ; differs from its ancestor 
Divhocrinus in its more massive plates and in having but one IBr to an 
arm, and that small ; anal resembles ant. li in shape and size ; arm.s 
branch twice, biserial, free from IIBr inclusive. Fterotocrinu.% Lyon 
Casseday (1859, W. & Sp., 1807 ; syn. Asterocrimesy Lyon non Munster), 
Carbon iferoius, N. America; a remarkable modification of Tnlaroci tnusy 


with Br up to I IIBr incorporated in cup ; large 
wing-like processes spread out from tegmen, and 
probably represent the hypertrophied axillary 
lAmb. With this exaggerated type, the nearest 
approach to the true Camerata, the Hexacrinidae 
become extinct. Family 3. Achocrinidak. Cu]) 
formed of 2 BB, foiming a hexagon ; 5 RR ; 1 
anal in line with RR ; and a large belt of acces¬ 
sory jilates between BB and RR. AvrocrinnSy 
Yandell (1855, W. & Sp., 1897), later Carboni¬ 
ferous, N. America (Fig. LXXIII.); derived from 
JHclwcrinuSy which it otherwise resembles, by the 
gradual intercalation of 6-20 circlets of supple¬ 
mentary plates, superbasals ” (SB); the SB im¬ 
mediately above BB are always the latest formed 
and the smalle.st ; the SB supporting the anal and 
ant. R are in single series, the rest alternate. 



Ki.;. TA X in. 

/Ii »r»f / /»»s (niiplidny. (R«*- 

te«l fmni Wachs* 
iiniUi A x 3. 


In A. amphora the arms were recumbent on the cup and apparently 


immovable. This remarkable family was the last to appear, and sur¬ 


vived all other Adunata and all Camerata. 


Order 3. Monocyclica Camerata 

(= Camerata, W. & Sp. pars). 

Monocyclica in which IBr, two in each ray (exc. Stereoennusy Hadrocrinus^ 
AHoprosallocrinus) and often succeeding orders of Br, are incorporated by 
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iBr in the dorsal cup (becoming “fixed bracliials,” Br), N\l)ile the corre¬ 
sponding Amb are either incorporated iii, or pressed below, the (egnieii 
by iAmb; all thecal plates united by suture, somewhat loose in the 
earliest forms, but speedily becoming close, and producing a rigid thec.i ; 
mouth and tegminal food-grooves closed ; arms jiinnulate. 

The families may be grouped somewhat after the plan of Wachsmuth 
and Springer (1897), thus :— 

A. No anal plate in ladial circlet of patina. BB usually form a 

pentagon. Melocrinoidea. 

B, An anal plate between RR m post. IR. BB form a hexagcjn. 

1. Proximal anal heptagonal, .succeeded by one or more m the 

same vertical series, between the ordinary iBr. Batocrin- 
oidea. 

2. Proximal anal hexagonal, succeeded by no vertical senes, but 

by 2 iBr. Actiiiocrinoidea. 

Whether Group l». wa.s derived from some genus in (Jroup A. is un¬ 
certain ; lepreseiitatives of both groups aie found in the Ordovician. It 
is more probable that A*,2 was derived from 7/, 1, by way of the Periecho- 
crinidae. Among Melocnnonle.i tin* Patelliociinidae are scarcely removed 
from the Inadunata, and some of their genera might almost be placed 
with the early Adunata, with which they were contemporary. Although 
their occurrence in the Ordovician is doubtful, yet the e.xistence of the 
family points to the path along which the Camerata a*5cended. The 
Glyptocrinidae and Melocrinidae, which differ in little but number of 
BB, and both have anals in the dorsal cup, may have been derived from 
such a form as Stelidiocnuus^ which al.^o has anals. With less doubt we 
infer that the Patelliocrinidae without anals gave rise to the similarly 
constituted Clonocrinnlae, from which sprang Eucalyptocrinidae, and 
probably also Dolatocnnidae. Among Batoennoidea the simplest and 
one of the oldest genera is Ttaiaocnnaa, w'lth 5 JiB, and not far from 
it come the earlier Xenocrinidae, with 4 BB, which perhaps led on t«) 
Periecliocrinidae, and so to Actinocriiioidea. The important ancestral 
family, however, is the Silurian Car])ocrinidae, in which Acacocrinus is 
nearest to the Inadunate type. From them arose Barrandeocrinua with 
its recumbent arms, then the Coeliocnnidae without anal tube or respira¬ 
tory pores, and, later on, the Batocrinidae possessed of botli those structures. 
No members of this order survived the Lower Carboniferous, but during 
their history they developed some of the most numerous in individuals 
and species among crinoid genera, and in BarrandeocrinuSy Eucalyptocrifius^ 
AgaricocrintLSj and Strotocrinu^s, some of the most remarkable of all 
Echinoderma. 

Sub-Order 1. Melocrinoidea. Monocyclica Camerata with RR in 
contact all round ; IBr^ usually quadrangular. 

Fami ly 1. Glyptocri nidae. Melocrinoidea with 5 BB; in each lialf- 
ray 2-8 llBr, sometimes lliBr; free arms rarely branch beyond llIP>r, 
and may be unlserial, zigzag, or biserial; iBr numerous but definite ; 
illBr numerous, less definite; a ridge of anals in post. IR ; tegmeii 
of numerous small plates; stem round, with pentagonal lumen. All 
Ordovician of N. America, European representatives doubtful. Qener:t — 
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GlyptocrinuSy Hall (1847 ; W. & Sp., 1897 ; synn. Canistrocrinusj W. & 
Sp.; PycnocrintUy S. A. Miller), has small BB and arms in zigzag (Fig. XXV.). 
Schizocrimufy Hall (1847 ; W. & Sp., 1881 ; (?) syn. Scyphocrinusy Hall 
won Zenker), doubtful, but close to GlyptocrinuSy arms uniserial. Periylypto- 
crinusy VV. & Sp. (1897), has large BB and biserial arms. Family 2. Melo- 
CRINIDAE. Melocrinoidea with 4 BB ; in each half-ray 2-5 IlBr ; these 
support 2 or 4 main rami giving off pinnules or pinnulate ramuli; iBr, 
illBr, and post. Ill as in Glyptocrinidae ; tegmen of numerous, small, and 
irregular plates; stem round. Genera— ScyphocriniLS, Zenker (1833; 
won Hall, nec Pictet), Silurian, Bohemia and (?) N. America. Cup very 
large, including many of the proximal ramuli, which enter the iBi 
and illBr areas ; subsequent rami are free and divergent; rami and 
ramuli uniserial; root a large hollow spheroid strengthened by internal 
septa, regar<Ie<l as a float (= Gamiirocrinus) by Hall, as a cystid (= Loholithus) 
by Barrande. Mariacrinxi^y Hall (1859, restr. W. & Sp., 1881-97 ; syn. 
Zenkerirrinusy Waag. & Jahn), Silurian, Europe, N. America. Free arms 
composed of wedge-shaped IllBr, divergent, may or may not bear a 
few ramuli on their amedian sides (Fig. LXXIV. 1). MelocrmuSy 


Goldfuss (1820; W. & Sp.. 1897; ...-Rm-. 

synn. AstrocrinuHy Conrad ; Turbino- 

' crimiSy Troost; CastanocrimiSy and 

CytocrinuBy C. F. Roem. ; ClonocrinuSy p 

Oehlert), Devonian, Europe and N. ^ '' 

America ; the 2 main rami of each arm ^ 

are laterally fused into one trunk with m 

single large ventral groove ; this bears t 

paired biserial pinnulate ramuli (Fig. Vy / / 

LXXIV. 2) ; thus the genus is related (CX ) 

to Martaermus aa Fucladocnnus (p. 158) iJ 

to PlafycnniiSy and as Steganocrinus (p, y^^-.iAx..jr X 

17 0) to A ctinocrinxis. Ctenocrin usy Broun ) — ^_ I i 3 ^ _ >—\ 

(1840, em, Follmann, 1887), Lower \—/ V-/ 

Devonian, W. Europe, is distinguished -^—\ ) 

by Jaekel (1895), but merged with ^ 

Melocrinns by W. & Sp. (1897); the Fio. lxxiv. 

ossicles of the rami are compound, and iiays of Meiotnuidae. i, Manacriuus, 

each mav hear 2 ninnule^ Out. Mum. 2, M(locn)tiut 

eacn may oear a pinnuiCv.. nolnlissimus (after Wachsmuth A spriii- 

Family 3. PaTBLLIOCRINIDAE. Melo- Jtnt, ramus ; r, rainule ; «, piu- 

orinoidea with but few Br iiicorpor- are s1.«ded. 

ated in cup; BB usually 3, unequal, may be the original 5, or may 
fuse to 1 ; both IBr resemble free brachials ; in each half-ray 1, or 
generally 2, IIBr, merging into free arms, which may be uniserial, zig¬ 
zag, or biserial; iBr 2-6, a single one rests on RR ; stem small and 
round. This early Palaeozoic family contains genera with and without 
additional plates in post IR; but all are simple forms, scarcely more 
removed from the Inadunate type than are the Silurian Adunata. They 
may be intermediate between Inadunata and some more advanced 
Cainerata, e.g, Clonocrinidae; but it is not probable that they represent 
the ancestors of Glyptocrinidae or Melocrinidae. Genera —Stelidicoriniufy 


II 
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Angelin (1878 ; [?] syn. Harmocrinua, Ang.), Ordovician, N. America, 
and Silurian, Gotland (Fig. LXXV. 1, 2); 5 BB, uniserial arms, anals in 



Fit;. LXXV. 

Patelliocniudae. 1 and 2, .'>Ululu)ctnnm caintulim. 1, calyx t'loiii posterior , 2, oral surface; 
3, I'atclliocrinns jMchyiluctyliLs. (All alter Angelin, about nat. size.) 


post. IB, large orals. Macroatylocrinus, Hall (1852, W. & Sp., 1897), Silu¬ 
rian, N. America ; 3 BB, biserial arms, anals in post. IR, small plates in 



legmen. Allocrinus^ W. & Sp. (1889- 
97), Silurian, N. America; 3 BB, 
uniserial arms, no anals in post. IR. 
PaM/iomnwfi, Angelin (1878), Silurian, 
Gotland (Fig. LXXV. 3); 3 BB, arms 
zigzag or biserial, no anals. IJriaro- 
crinua^ Angelin (1878), Silurian, Got¬ 
land ; 3 BB, arms secondarily uni- 
serial, i,e. IIBr are compound plates, 
anals uncertain. Cenfriocriimsy Bather 
(1899, nom. mut. pro Centrocrinuay^ 
W. & Sp., 1881, non Austin, 1843, 
ntc Wortlien, 1890); BB fused, arms 
unknown, no anals in post. IR. 
Family 4. Clonocrinidaf.. Melo- 
crinoidea with 4 BB ; in each half¬ 
ray 1-^ llBr, with varying number 
of illBr and even occasionally IVBr ; 
free arms hiserial, sometimes forking 
as far as VIlBr; iBr few and 
definite; illBr few, not always 
present; occasional illlBr ; no anals 
in post. IR ; tegmen unknown; stem 
round or sub-pentagonal. Genera— 
Clonocrhiua, Quenstedt (1876, now 


Fio. LXXVI. 

ClftnttcTin'mi polydactyltis. 1, from side 
(fh)m Brit. Mus. 40257); 2, vertical eection 
(from Brit. Mua. B648S). Lettering aa 
usual. Nat. size. 


Oehlert, 1879 ; syn. CorymbocrinuSy 
Ang.), Silurian, England, Gotland, and 
N. America; base concave ; free arms 
isotomouB from IllBr toVIIBr; iBr ina 
single vertical row, the two proximal 


large and definite. This genus leads towards Eucalyptocrinidae. Poly- 


pelteBf Angelin (1878), Silurian, Gotland, seems to have pinnules incorporated 
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in the cup. It leads on to TryhliocrinuSy Geinitz (1867; syn. Spyridio- 
crinuSf Oehlert, 1891), Lower Devonian, Germany and France, which 
also has a concave base. Technocrinus^ Hall (1869, W. & Sp., 1897), 
Devonian, Md., U.S.A., base convex, anus not branching beyond IIlBr, 
no illBr ; the cup plates have axial folds as in Dolatocrinidae, which 








Fia. LXXVII. 

Encalyptocrinidae. 1, Calherinus mHn'hf^mianv.8 from tho rhU*. arms reinov«‘cl pxoept on 
the right; 2, plates nt>m distal end of anal tube; S, the same plates from ('. , 4, suiulai 

plates described by Hall as Cryptcxfiscits; 5, calyx of C<i/li.rnnM oosrnfMs; J, 4 denote 
succeMsive circlets of the anal tube; i, ii, lii, denote the aivas of origin of interbrachial 
processes. Other letters as usual. 1, 2, 3, 5, after Angelin ; 4, after Hull. 

family may be thua connected with Corymbocrinidae. Family 5. 
Eucalyptocrinidas. Melocrinoidea with usually concave patina of 4 BB 
and 5 RR; in each half-ray are 2 lIBr, supporting lIIBrj (and in 
Eucalyptocrinub IIIBr^), followed by IIIBr, proximally uniserial, distally 
biserial; iBr 3, 2 resting on 1; illBr 1 ; tegmen elevated in a central 
anal tube, and composed of 4 circlets of large plates, variously shaped 
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and bearing processes. When stripped of arms and processes, the theca 
resembles a sherry-decanter with a kick at the bottom. At the junction 
of cup and tegmen are the 10 pairs of ambulacral openings for food-grooves 
and associated vessels, which pass beneath the tegmen to a central 
mouth suspended beneath the neck of the decanter. From this a gut 
winds dextndly down, around, then up, and out at the mouth of the 
decanter. The processes borne by the tegmen are vertical jmrtitions 
rising from the fixed iBr and illBr to varying heights, while smaller 
partitions are between the IIIBr series. Genera— Callicrinusy d’Orb. 

(1849), Silurian, Europe and N. America (Fig. LXXVIL, see Angelin, 
1878, W. & Sp., 1897). The cup is built on almost the same plan as 
that of Clonocriwus^ the difference lying in the vertical fission of the 2nd 
iBr. The partitions do not rise very high between the arm-branches; 
on the other hand, large spinous processes are frequently given off from 
plates of both cup and tegmen, w’hile the upper circlet of the anal 
tube is often extended m 4 quadrant-shaped horizontal extensions 
(Cryptodisciis, Half; see Weller, 1898). E\icahjptocrintu% Goldfuss (1826 ; 
syn. Hypanthoennusy Phillips), Silurian of Europe, N. America, and 
(?) Victoria, Devonian of Eifel (see Angelin, 1878, and W. & Sp., 1897) ; 
differs from Callicrinus in the great development of the vertical partitions, 
which form compartments in which the arms rest right up to their tips, 
so that the closed crown is almost egg-shaped, especially as it has not the 
obtrusive ornament of Callicrinus, Angelin has figured laminae of 
stereom within the theca ; these served to support the subtegminal 
food-grooves and mouth, and are pierced by the gut; they are not 
hydrospires. This family was richer in species than any other of the 
Silurian; while the main structure was fixed, the ornament varied 
greatly. Family 6. Dolatocrinidae. Melocrinoidea with large base, 
flattened or concave, 3 BB, nearly always fused; in each half-ray, 1-4 
llBr, and sometimes IIIBr and IVBr; free arms biserial, and may fork ; 
■Br,3 or more ranges ; illBr usually present, merging with illAmb; an 
>dditional iBr exceptionally present in post. IR ; tegmen, when known, 
solid, with large plates ; stem round and large. All Devonian of N. 
America. Genera— iJolatocrinus, Lyon (1857 ; W. & Sp., 1897 ; syn. 
CacahocrinuSf Hall), has 2 IBr, a stout almost central anal tube, respiratory 
(?) slits in interbrachial areas at junction of cup with tegmen (Fig. XLV. 1), 
and plates usually with axial folds. Stereocrimis, Barris (1878, W. & 
Sp., 1897), has 1 IBr, and BB unfused. Hadrocrinus, Lyon (1869 ; 
W. & Sp., 1897 ; syn. [?] Corofiwcrinus, Hall), has 1 IBr and large iBr 
variable in number and arrangement; very large, and imperfectly known. 
The single primibrachs of Stereocrinus and Hadrocrinus probably represent 
the two IBr of Dokitocrinus fused (cf. AlloprosaUocrinus), 

Sub-Order 2. Batocrinoidea. RR in lateral contact except in post IR. 
Proximal anal heptagonal. IBr^ quadrangular, except in Periechocrinidae. 

Family 1. Tanaocrimidae. Batocrinoidea with 6 BB ; the proximal 
llBr fixed, but outwardly resemble free brachials; arms fork still further, 
brachials wedge-shaped; iBr and illBr numerous, irregular, occupying 
depressed areas connected with tegmen, which was probably flexible and 
composed of small plates; in post IR is a vertical ridge of anals; 
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stem relatively large and sub-pentagonal. Genus—ranaomnits, W. & 
Sp. (1897), Ordovician, Ohio (Fig. LXXVIII. 1, 2), In structure and in 
time this genus is well fitted to be taken as an ancestor of the Carpo- 
crinidae. Family 2. Xenocrinidae. Batocrinoidea with 4 BB ; each 
half>ray contains lIBr, and sometimes llIBr; free arms in zigzag or 
biserial. iBr and illBr, also illlBr when present, numerous. Post. IR 
wider than the others, divided by a longitudinal row of ridged anals. 
Tegmen of minute irregular plates. Stem quadrangular to circular in 
section, with pentagonal lumen. Genera— Xemcrinm^ S. A. Miller 



Fu;. LXXVlll. 

TanaociiiiHlaeand XciKM'rinidae. I, Tunocnnv^iypug,iio»ipr\or\\ew, x 2 diam. 2, anterior 
view, X 2 diaiu. 8, Xenocrnuts, niuily.sis of cup. 4, Compsocritius harrisif cup from ^sterior, 
diagrammatic, x 2 diani. (All adnpteil fVniii W. & Sp.) 


(1881 ; W. & Sp., 1897 ; Fig. LXXVIII. 3); iBr sink between RI^ so 
as almost to rest on BB ; I IBr are hnials. Compsoerinusy S. A. Miller 
(1883 ; W. & Sp., 1897 ; Fig. LXXVIII. 4), has RR in contact except 
on anal side; IIIBr sometimes fi.\ed ; iBr stouter than in Xenocrinw, 
Both Ordovician, Ohio. Abacocrmtis, Angelin (1878 ; syn. ? CarolicrinuSy 
Waag. & Jahn), Silurian, Gotland and (?) Bohemia, is more highly developed. 
Between it and Oompsocrinus we must imagine a form in which the free 
Br became biserial, while the free rami forked several times. In Ahaco- 
crinus the proximal biserial brachials (IIIBr) with their pinnules are in> 
corporated in the dorsal cup ; the stem has changed from sub-quadrangular 
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to circular, but the columnals still alternate in size. From the imagined 
intermediate form (not from AhacocrinuB iiBtM)Periechocrinus may have been 
derived by fusion of 2 BB. Family 3. Carpocrinidae. Batocrinoidea 
with 3 BB (?fused in Macarocrinus) \ RR rather large; each half-ray 
contains 1-3 IIBr usually passing into the free arms, which are usually 
2, occasionally 3, to each i»y ; iBr 2-5, in contact with iAmb ; illBr 
may be present in limited and definite number ; legmen of numerous 
small plates, with a few larger ones ; in post. IR a vertical row of anals ; 
stem large and round, usually with small pentagonal lumen. Genera— 
Acacocrinua^ W. & Sp. (1897), Silurian, Indiana, has 2 aims to each 
ray ; brachials wedge-shaped, each bearing one pinnule. Demidoennm^ 
Angelin (1878), Silurian, Europe; in each ray one of the rami forks 
again almost immediately, Jaekel (1895), Lower Devonian, 



Anus of CariKtcnnulac. 1, 
Mnrnturn tt u$ i injfi i (uft»*r 
Jaokfl). ‘i, muA tum- 

)ihr on llrU. Mils. 5530 

& 57300). 



HainanHflmr, iinifi tnptium. 1, r«*constnictioii 
of crown, with tlnn- ot the ranu icmovpd 
(aft«T G. Liljt*\all in W A Sj) ). Nut size. 2, 
Uiagruni of the calyx. J.eltciin^ as usual. 


Eifel, differs in greater length of Br, in fusion of BB, and presence 
of one IIBr instead of two (Fig. LXXIX. 1). Carpovrinus^ J. Muller 
(1841; synn. Phoenicocrinus^ Au-stin ; Abraermus, d’Orb.; Habrocrimu, 
PinnocrinvSf axid [f] LeptocrinuB, Angelin, 1878. See W. & Sp., 1881), 
Silurian, Europe ; derived from DeBmUfocrinus by fusion of free Br to 
form uniserial ossicles each supporting 2 or more pinnules, and by atrophy 
of the unpaired ramus, which resembles a large proximal pinnule (Fig. 
LXXIX. 2). Family 4. Barramdeocrinidae. Batocrinoidea with 
3 BB; RR irregularly shaped; each half-ray containing 1 HBr, which 
supports a free arm, biserial, and recumbent over dorsal cup ; iBr, 3, in 
contact with iAmb; tegmen solid with large sub-spinous O, alternating 
with 5 radial dome-plates; stem large and round. . Genus— Barrandeo- 
ertnuB^ Angelin (1878 ; syn. [?] OylicocrinuB^ S. A. Miller non Miiller ; see 
W. & Sp., 1897), Silurian, Gotland and (?)N. America (Fig. LXXX.). 
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The chief feature id e lixed 11.1 .i.ibeucy of the arms, as in some Hexa- 
criniiloe and Acrocrimvs; hut dilfering from those forms in that the 
pinnules were very close-set, and folded in two rolls over the ventral 
groove when closed. Except for this and the consequently more solid 
tegmen, the genus is not far removed from the Carpocrinidae. Ant. R is 
hexagonal; r. and 1. ant RR heptagonal; r. and 1. post RR pentagonal. 

Family 6. Coelocrinidae. Batoennoidea with 3 BB ; in each half- 
ray, 1 or 2 lIBr; free arms separated by 3 or more iBr in contact with 
iAmb, 2-4 biserial rami to each ray ; a row of anals in post. IR, sup¬ 
porting no tube ; but anus opening marginally from a slight prominence ; 
tegmen solid, with large O, esp. XK)st 0 ; no respiratory pores known. 
Genera— Coelocrinus^ Meek & Worth. (1865-66 ; synn. Sphaerocrinus^^ M. 
& W. non Roem.; AoTocrinns^ W. & Sp., 1897), Devonian and Carboni¬ 
ferous, N. America, and (?) Devonian, Europe (Fig. LXXXL). 2 or 4 
rami to each ray, each with independent opening into the theca ; cup extend¬ 
ing below arm-bases. J)orycrwu.% C. K. Roenier (1854, W. & Sp., 1897), 
Carboniferous, N. America; derived from (Wlocrmns 'wiih convex base; 


rami paired, 2 to a single opening ; radial dome-plates of tegmen bear 
large spines. Ayaricocnmis, Hall ex Troo^t (1858 ; W. & Sp., 1897), 
Carboniferous, N. America ; derived from CoflncnHvs with concave base, 
that feature being greatly exaggerated so that 
the cup does not project below the arm-hase.s ; 
rami 2-4 in each ray, eacli with imlependent 
opening. Family 6. B vtocrtnidak. Bato- 
crinoidea with 3 Bl^; each half-ray contains 
1-5 lIBr, also IllBi, 1-5, always in adanal 
series, and .sometimes in the rest, but rarely in 
anterior .series ; fre.e arms with 1-4 biserial 
rami in each ray ; iBr, 1-15, usually uncon¬ 
nected with iAmb, excej)! in po'^t, IR, and 
sometimes separated from them by the brachials 
there also; plates in posterior IH 2-19, per¬ 
haps more ; anal tube long, usually stout, and 
central ; tegmen solid, with O and radial ilomc- 
platcs usually prominent, post. O always pnuiounced ; 10-20 respiratory 
pores characteristic (Fig. XLV. 2), but doubtful in I>i:.if(jocriHns and very 
doubtful in Hyperocrinns; stem round, usually stout, with small i>ent- 
agonal lumen. The family is confined to llic Lower CarboniferoiLs 
rocks of central N. America, where it flourished exuberantly along 
with the parallel family Coelocrinidae. UtUocrinm came first (Kinder- 
hook) and went last (St Loui.s); the rest are confined to Burlington 
and Keokuk Uroup.s. Genera—Rofocn «?/.<, Casseday (1854; em. W. 
& Sp., 1897), ha.s 1-3 iBr separated from iAmb by IIIBr ; 18-26 
abort arm-mmi set regularly round iKjriphery (Fig. LXXXII.). Ereimih 
crinWj Lyon & Casseday (1859 ; W. iK: Sp., 1897), like Batocrinns^ 
but has 12-26 long paddle-shaped arm-rami, and eccentric anal tube. 
AlloproBallocrinuSf Ly, & Cass. (1860, W. & Sp., 1897), constructed like 
Batoerinus^ but converges in outward shape towards Agaricocnnvs, 
Eutrochocrinus^ W. & Sp. (1897), 18-40 short rami, set regularly around 
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periphery like spokes of a wheel; iBr may or may not join iAmb ; 
illBr often present Dizygocrinvs^ W. & Sp. (1897), like Eutrocho- 
crinuSf but with rounded calyx, more variable in composition, anal tube 
and stem rather slender. HyperocrijiuSf Meek & Worthen (1865, as 
Uperocrinua; syn. Lohocrinus, W. & Sp., 1897); 18-22 free rami, arranged 
in arm-groups, separated by iBr which join iAmb ; illBr sometimes 
present; lofty tegmen; respiratory pores unknown. Macrocrinus, W. 
& Sp. (1897); 12-16 rami, in groups, but not separated by iBr 
except ill post IR ; anal tube tapering ; stem slender ; tegmen coni¬ 
cal or hemispherical; respiiatory pores, 10. The study of the relations 
between these genera is a fertile and unappropriated field. 

Family 7. Periechocrinidae. Batocrmoidea with 3 BB; IBr^ 
hexagonal; each half-ray contains 1-5 lIBr, and sometimes 2-6 III Hr ; 
free arm-rami biserial, usually branching; iBr numerous and merging 




Fio. LXXXII. 

BfUo'rinM. 1, B vtwiUu’tylus, calyx from the sulo (after CiiHseilay, nat. sire). 2, cup 
seen from aboral side, from Hrit, Mus. E0055 Supplementary pl.iU's sliaded. x f. 

into iAmb ; post IR wide, with plates in succe-ssive rows of 1,3, 4-6, etc.; 
tegmen of numerous small plates in which O, Amb, and radial dome-plates 
are sometimes to be distinguished, especially post. O ; anus without tube, 
from sub-central to marginal; stem large, round, with wide lumen, round 
or 5-lobed. Members of this family, esp. Genuaeoaintis^ are liable to be 
confounded with Actinocrinidae, but differ in the presence of 3 plates 
(not 2) in the second row of post IR, in which resjiect they resemble 
Xenocrinidae, Carpocrinidae, Coelocrinidae, and Batocrinidae. Qenera— 
PeruehoerinuSf Austin (1843; synn. Geocrinua, d’Orbigny ; Saccocrinut^ 
Hall ex Troost; Pyoddocrinua^ J. Muller, para ; [?] Trochocri7}U8, Portlock 
and [?] Pander; [?] Pradocrinua^ Vemeuil, 1850 ; see W. & Sp., 1897), 
Silurian to Carboniferous, Europe, N. America, Australia ; elongate cup 
of thin long plates, usually with axial folds, and depressed theca in which 
0 are not distinguishable; arms fork and are less advanced than in 
Ahcuoerinua (p. 165). Beyriehocrinuaf Waag. & Jahn (1899), Silurian, 
Bohemia, little known. Megiatocrinua^ Owen & Shumard (1852 ; W. & 
Sm 1897), Devonian and Carboniferous, N. America, (?) Carboniferous, 
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England ; globose cup of heavy short plates, with tegmen from flat to 
conical; 0, radial dome-plates, and Amb usually distinguishable (Fig. 
XLII.); free rami grouped in pairs, have covering-plates and side-plates. 
(UnnoLeocrinm^ W. & Sp. (1881-97), Devonian, N. America ; low cup of 
thin plates with axial folds ; theca rather depressed and lobed in arm 
regions ; 0 small but visible, as also are Amb ; rami, 8 to a ray, branch 
from alternate sides of arms ; in form like the Actinocrinid Physetocrinus. 

Sub-Order 3. Actinocrinoidea. KR in lateral contact except in 
post. IR; proximal anal hexagonal; IBr^ usually hexagonal; BB 3 
equal, forming a hexagon. 

Family 1. Actinocrinidae. Cup conical or bowl-shaped, with orna¬ 
ment of axial folds; only 1 IIBr, which is axillary; free arm-rami branch 
on alternate sides of the half-rays, starting either from lax or I lax ; all 
free portions of arms are biserial; proximal piiinulars bear hooks; iBi 
numerous, primitively merge into iAmb, but become separated therefrom 


1 


2 


Fio. LXXXIll. 

At'Uuocrtnua. 1, nimljsis of jMirt of cup, ‘.howing and r. post. radii. 2, cup n-om 
lielow ; tho Mipjilcincntaiy plates sliadcHl. 



by development and lateral contact of fixed brachials ; post. IR wide, 
with proximal anal followed by 2 plates in second row; tegmen 
solid ; 0 not prominent, but usually distinguishable; iAmb may cover 
the tegminal Amb ; anus either on a tube or piercing tegmen, either 
central or eccentric; stem round, with small 5-lobed lumen. The 
family is confined to the Lower Carboniferous, and flourished chiefly 
in N. America. Aciinocrini(r% with its descendant Steganocrinus, and 
CactocrinuRy with its descendant Teleiocrinus, form a group characterised by 
a long anal tube. In Physefocrinm and its descendant Strotocrinus the anus 
pierces the tegmen directly. For complete account of the family and 
revision of genera see W. & Sp., 1897. Genera —Actinocriji Miller (1821; 
synn. Amphoray Cumb.; liUiirocrinuSy S. A. Miller; Fig. LXXXIII.); cup- 
plates with axial folds and parallel ridges ; theca lobed at arm-regions, the 
numerous iBr being depressed, while the higher orders of Br with their 
Amb form 5 broad rays, sometimes including some iBr ; these rays fork and 
give off free rami to alternate sides every second or third plate, first on outer 
side from llax,then on inner side fromIIIax,and 80 on; the rami may branch 
again ; pinnules long, the proximal pinnulars armed with a small hook pro¬ 
jecting from the middle; tegmen solid, rising centrally into a stout tube with 
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anus at distal end ; O small and eccentric ; Amb visible in tegiiien, either 
as two rows of large covering-plates which pass out from between 0 and 
follow the branching of the food-grooves, or as large single plates (lAmb 
and IIAmb), succeeded by small covering-plates, which pass on to the free 
arms. Steganocrinusy Meek & Worthen (1866), differs from Avtinocri^ius 
in the extension of each ray into 1 or 2 rigid tubular rami, from 
which biserial ramuli are given off alternately on opposite sides, either 
from every ossicle or from every other ; covering-plates consist of side- 
pieces and spinous Amb. Gactocrinus (W. & Sp., 1897) differs from 
Actinocrinta in having the arm-rami given off in a continuous row 
around the theca, the brachials meeting laterally, so that iBr are not in 
contact with iAmb (c/. Eutrochocrinus) ; bifurcation takes place on each 
successive plate, i.e. all Br, except the hnials, are a.\illary; all pinnulars, 
except the extreme distal ones, bear hooks which imbricate over the adjacent 
pinnules (^/. structure of a feather); covering-plates consist of side-pieces 
and Amb; Br and tegininal plates spinous (cf. Fig. XLIV.). Tdciocriv ax, W. 
& Sp. (1881; syn. CalathocritniSy Hall, pterx, nun v. Meyer); a mixiified 
Gactocrinus in which the arms have become so numerous and crowded 
that they are pushed on' ward, while their bases have become united 
and extended as a broad rim at the top of the theca ; between the Amb 
and iAmb forming the roof of this rim, and the Br forming its floor, are 
developed processes of stereom serving lus girders; the ambulacra with 
their ambulacrals are mostly depressed below the tegmen and covered by 
iAmb; a respiratory pore is at the .side of each anibulacral opening into 
the theca. PhysetocrinuSj Meek & Worthen (1869), differs from Actino- 
erinus in the absence of an anal tube, and in bifurcation of arms on each 
successive Br, as in Gactocrinus. Strofocrinusy Meek & Worthen (1866), 
often confounded with Teleiocrinmy towards wliich it is convergent, bears 
to Physetocrinus precisely the same relation as rdeiocrimis bears to Carlo- 
crinus. SampsonocrinnSy Mill. & Gurl. (1895), Carboniferous, Missouri, 
has r. and L post. iBr truncating BB, and only 1 IBr in r. and 1. ant. radii ; 
the unique Bj>ecinien is best regarded as an abnormal Actinocrinus. Com¬ 
pare Phillipsocrinusy M‘Coy (1844 or 1862), Carboniferou.'^, Ireland, in 
which also some iBr truncate BB; but since BB are here 4, this may 
be a more direct descendant of Xenocrinidae, perhaps by way of the 
Silurian LaubeocrinuSy Waagen & Jahn (1899), which seems a link 
between early Batocrinoidea and Actinocrinoidea. Family 2. Amphora- 
CRIKIDAE. Actinocrinoidea with cup depressed and tegmen niucli elevated, 
accompanied by downward projection of proximal regions of arm-rays; 
cup-plates with granulo-vermicular ornament; iBr few; in other 
respects like Actinocrinidae. Genus— Amphm'orrinuSy Austin (1848), 
Carboniferous, Europe and N. America; arms free from lax or IIBr^ ; 
anal tube short and eccentric. Two American species occasionally have 
3 plates (instead of 2) succeeding the proximal anal, but the middle of 
these is small and wedge-shaped, barely touching the anal; this may be 
a plate of the ensuing row pressed down, or it may represent the middle 
plate in Batocrinoidea. 
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Sub-Class 2. Dicyclica, Bather (1899). 

Criuoidea in which the base consists of BB and IBB, the latter being 
liable to atrophy or fusion with the proximale, but the aboral prolonga¬ 
tions of the chambered organ are always radial ; new columnals may or 
may not be introduced at the proximal end of the stem. 

Order 1. Dicyclica Inadunata 

( = Txadunata, W. & Sp. pars, emend.). 

Dicyclica in which tlie dorsal cup primitively is confined to the patina 
and occasional intercalated anals, and no oilier plates ever occur between 
HU (Grade: Distincta); Br may be incorporated in the cup, with or 
without iBr, but never rigidly, and their corresponding Amb remain 
supra-tegminal (Grade ; Articulata): new columnals are introduced at 
the extreme proximal end of the stem. 

This order, so far as its Palaeozoic genera are concerned, corresponds 
roughly to the Ina<lunata Fistulata of Wachsmuth & Springer, and 
entirely to the Inadunata Dicyclica of Bather wdth an error or two 
corrected ; but it includes also some of Muller’s Articulata and some of 
Wachsmuth & Springer’s Larviformi.i. Tin* latter auihoi*s have them* 
selves proved the connection of the Enciniidae and Pentacrinidae with 
their Fistulata. The distribution of the 70 genera into families would 
present no great difticulty, were a purely morphological classification our 
aim. One might use, as has been done, such characters os the presence 
or absence of pinnules, of an anal tube, of a radianal, of articulation 
between cup-plates, or of simply bifurcate as contrasted with dichotomous 
arms. But there is every gradation in the development of these characters, 
pinnulate forms being derived from non-pinnulate, the radianal gradually 
disappearing, articulation of plates developed as need arose, and so on. 
Hence the great division into Cyathoennidae and Poteriocrinidae (W. & 
Sp., 1886 ; Zittel, 1895) cannot meet the needs of the phylogenist. An 
attempt to sketch the actual race-history (Bather, 1890) re.sulted in the 
recognition of a distinction between DendroiTirias and its allies, with their 
broad radial facets and thin tegmeu on the one hand, and Cynthocrin^is 
and its allies, with narrower facets and more solid tegmen on the other, 
while the pinnulate forms were all derived from the Dendrocrinidae. 
This xlistinction, subsequently strengthened (Bather, 1893), has been 
made much of by Jaekel (1895), who divides all his Fistulata into 
Cyathocrinacea, Dendrocrinacea, and Poteriocrinacea, the last group being 
derived from the Dendrocrinacea, and giving rise to the Articulata 
(Jaekel). It is therefore but a slight step to establish two sub-orders, 
Dendrocrinoidea and Cyathocrinoidea. Of these the latter were the first 
to be specialised and the first to disappear. The Dendrocrinoidea moved 
more slowly and went further—even to our own day—undergoing modi¬ 
fication in the development of the anal tube, in the pinnulation of the 
arms, and in the relation of arms to cup. Moreover, from them branched 
off the order Flexibilia, probably on more than one occasion. 
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Sub-Order 1. Oyathocrinoidea. Dicyclica Inadunata, with a fairly 
stout tegmen, in which 5 orals (A, sub-ambulacrals, interradials, con¬ 
solidating apparatus, of authors) are usually conspicuous, helping to 
stitfen the tegmen, supporting the ambulacra on their adjacent edges, and 
enclosing but not covering the peristome ; post O frequently a madre- 
porite; radial facet usually narrow; arms distinct from dorsal cup, un¬ 
branched OP dichotomous; none attain the pinnulate stage, but the 
presence of pinnules would not in itself remove a genus from the sub-order. 

Family 1. Carabogrinidae. Cyathocrinoidea with one or more 
lai|;e anals in line with RR; RA supporting these, and resting on a 
supplemental plate intercalated between post B and r. post B and rest¬ 
ing on IBR Anus, surrounded by a few small plates, pierces tegmen 
between x and post O. Strong stereom-folds pass across the radio¬ 
oral sutures. Post 0 pierced by hydro- 
pore (a madreporite). Arms stout and short. 
Genera— Garabocritiusy Billings (1856,-69); 
StrophocrinuSf Sardeson (1899), both Ordo¬ 
vician, N. America (Fig. LX XXIV.). The 
radio-oral folds are probably vestigial 
hydrospires (cf. Hyhocnnm). The inter- 
radial tegminal plates are admittedly homologous with orals, and ambu- 
lacrals rest on their apposed edges (as in Fig. V. 2 ; see also p. 126). 
Family 2. Palaeocrinidae. Cyathocrinoidea with anal x in line with 
RR; RA smaller and rhomboidal, abutting on x and not separating 
r. post R« from r. post B; anal tube slightly developed ; 5 O surround a 
pentagonal peristome; post 0 a madreporite ; arms narrow, rising front 
well-defined facet, axial canal not separate from ventral groove, but passes 
into thecal cavity through a large opening between R and adjacent 
O, Genera — PeUaeoennus, Billings (1859), Ordovician, Canada (Fig. 
LXXXV). ; usually regarded as a synonym of Deiulrocrinusy to which it 
is closely allied ; but it differs in shape of RA, the defined ra<Ual facet, 
the anal tube composed 



Pio. LXXXIV. 

AnalyHia of cup of CaTobocriaw, 


of but 4 or 5 vertical 
rows of plates, and above 
all, the solid orals sup¬ 
porting ambulacralsy— 
differentiae which place 
it in this sub-order. 
Stem shows 5 radial 





sutures ; cup - plates 
usually folded; arms 
isotomous to IVBr. 


Fio. LXXXV. 

AnalysiH of cup of FcUaeocrintut, allowing tlie axial 
folds of the plates. R nuliaiial. 


Poroertnus^ Billings (1856-69; see J. Grant, 1881, and Beyrich), 
Ordovician, Canada and Russia (Fig. LXXXVL); arms unbranched. 
Deep folds lie at the angles of all thecal plates, directed towards the 
angle, and not passing at right angles across the middle of the sutures, 
thus differing from hydrospires of Eublastoidea and from pectinirhombs ; 
Beyrich imagined them to he separated by suture from the rest of the 
plate, and Grant described a membrane [? a film of epistereom] covering 
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them. BactrocrinuSf Schnur in Steininger (1849), Devonian, Eifel; usu¬ 
ally made a synonym of Homocrinusy but separated by Zittel (1879), ^ther 
(1893), and Jaekel (1895); differs from Palaeocrinus only in the occa¬ 
sionally wider radial facet and rather more de¬ 
veloped anal tube, in which points it approaches 
HomocriniLs. Family 3. Euspirocrinidae. 

Cyathocrinoidea with anal x hexagonal or 
lieptagonal, resting on post. B, but rising 
above level of RR; with RA pentagonal, 
resting on post, and r. post BB, supporting 
X on one side, r. post R^ on the other, and 
a plate of the anal tube (rt) sunk into the 
cup between them ; anus at end of a massive 
anal tube; post 0 a madreporite; arms 
dicliotomous, axial canal not separate from ven¬ 
tral groove. Genera —KusinrocrinvSy Angelin 
(1878 ; see Batlier, 1893), Ordovician of 
Canada, Silurian of Gotland (Figs. LXXXVII. 
and XXXVIII.). The usual text-book figure 
of E. njnralis is reversed. ClosterocrinuSy Hall 
(1852), and Ampheristoenmes, Hall (1882), 
both Silurian, N. America; 3 IBB; imper¬ 
fectly known (Fig. LXXXVII I.). The anal 

area of the family resembles that of the 
advanced Dendrocrinoidea. Family 4. Sphae- 
ROCRiNiDAE. Cyathocrinoidea, with 3 anal 
plates as in Eiispirocrinusy but differing in 
that RA is comparatively large, x not rising 
above RR, rt small and not, or hardly at all, 
rising above RR; post. 0 a madreporite : (Baseci on spwimens belonging 

arms isotomous; axial canal separate in Br jiam. 2 , optical section across 
and R. Genera —Sphaerocrintuiy C. F. Roemer * (^r>, showing reia- 

(1851; for history see Bather, 1892; for x 4 diam. other lettering on 
structure, Jaekel, 1895), Devonian, Germany 

and England; the anus pierces the tegmen directly through a ring 
of small plates. ParisocrintiHy W. & Sp. (1879), Devonian of Ger¬ 
many, Carboniferous of England and N. America (Fig. XXVI. 6), has a 
well-developed anal tube of hexagonal plates, which are folded at the edges. 



Fio. LX.XXM. 

Poi'ocnn uf Smithi. 1, iiartu 1 
reconstmetion, Keen from right 
posterior radius, the arm of 
whicli iH reiiioveil. Length of 
Mteia and anns unknown. 



Fio. LXXXVII. 

AiialyilM of cup of EufjHrocrinuf sjdraiis. 



01)^0 


o 

Fio. LXXXVIII. 

Analysis of cup of Ampheriitocrinns, 


Family 5. Cyathocrinidae. Cyathocrinoidea, with no anal except ar, 
which is in line with RR, and usually supports a laige tube; post 0 a 
madreporite; arms isotomous, axial canal separate or not Genera— 
OyaByoennuSy Miller (1821 ; see Bather, 1892-93, for full revision and 
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details), Silurian to Carboniferous, world-wide. This, being the best 
known genus of the sub-oi*der, demands closer description. The dorsal 
cup (analysed in Fig. LXXXIX. 5) consists of: 5 equal IBB ; 5 large 
BB, all hexagonal except post. B, which is truncate above ; 6 shield¬ 
shaped RR, each with a facet usually ^ width of plate, the articular 
surface being either smooth and imperfomte, or having a slight transverse 
ridge pierced by the axial canal (Fig. LXXXIX. 2); a square anal x, in 
line with RR and resting on truncate post. B. Tegmen consists of 5 O 
resting on the incurved shoulders of RR, and surrounding a pentagonal 



h’lu LXXXIX, 


Cyathocrinw. 1, C. multihnn'huitug, »et*n fiom {wntprior. (Hrit. Mum. E5462.) 2, radial 
of C. vi^ycensis, showing articular facet, x 2. 3, Joiiit-surface of columiial of C. acinotubuti, 
X 2. 4, joint-surface of a brachial of Name, with coveniig-platcH in iioNition, x 9. 5, analysis 
of the cup. a.r, axial canal; /, fiilcnil rnlge; t, interealatcid platn; j, .Joint-surface; l.ri and 
tho twp halves of a covenng-platc of the left side; nn, iiodals ; r.c*, proximal half of a 
covenng-plate of the right side; t, unal tube; c.g^ ventral gro<j\e. (2*6 after Batlicr.) 


peristome (Fig. XXXIX. 1); post. O being large, conspicuous, and pierced 
by numerous water-pores, the other 0 being smaller and often almost 
entirely hidden, partly by ambulacrals resting on the apposed edge of all 
O, partly by small interambulacrals (Fig. XXXIX. 2). The proximal Amb 
meet over the peristome and often grow to a large size, sometimes fusing 
and simulating orals (for which elements they are taken by W. A Sp., 
see Fig. XLIII.). The anal tube consists of more or less hexagonal plates, 
arranged in fairly regular longitudinal rows ; it varies greatly in width, 
length, and width of lumen ; the anus is at its distal end ; the plates may 
be lightly folded, but are not transversely elongate, nor are there pores. 
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or even the appearances of pores, between them (Fig. XXVI. 6). Arms 
dichotomise 5-7 times, and in each series there are more brachials in the 
admedian branch of the dichotom (Fig. LXXXIX. 1). The covering-plates 
are well developed ; in their simplest form they are conical, in both out¬ 
line and longitudinal section, regularly alternating, and each reaching 
about ^ across the ventral surface ; each covering-plate may, however, be 
transversely divided, and the parts may come to be arranged in a manner 
too complicated for description here (Fig. LXXXIX. 4). Stem round, 
with lumen usually 5-lobed ; stem and lumen vary in width ; columnals 
low, usually alternating in thickness and height, the smaller ones being 
those last formed; joint-surface radiat ly striate (Fig. LXXXIX. 3); no 
longitudinal sutures and no cirri. Gi^ 

1893), Silurian, Europe and pt 
America (Fig. XC.; see also Figs. VI1' IX., 
and XLL); connected with FaUu mus; 
one or two pairs of IBB usually fust ; cup- 
plates have clear axial ridges ; distal mar¬ 
gins of Br usually project; anal tube com¬ 
pressed antero-posteriorly, its plates trans¬ 
versely elongate and folded. Ararhnocrinus, Meek t^ Worthen (1866), 
Silurian to Devonian, America and Europe; small cup and heavy arms, 
which, together with anal tube, s])rcad out horizontally from the cup. 
Lecythocriyius^ Muller (1858, em. Zittel, 1879 = Taxocrinm briareuSy 
Schultze, 1866), Devonian, Eifel; stem subquadrangular, with one large 
central and 4 smaller peripheral ciinals (cf. Cupressocrinidao). Family 6. 
Petalocrinidae. Cyathocrinoidca without .r in dorsal cup, and with 


iniiSy Angelin (1878 ; em. Bather, 
dbly 



Via. XC. 

Analysis of cup of fiusocriuvs. 



Fni. XCI. 

PeUtiornnus. 1, ftartial ret-on- 
stnictiun of P. lunalaliSf with one 
Him removed to expose nulial 
facet, ami other arms devoid ol 
covering-plates; the root is im- 
a;:nmry, x 2 diam. 2, section 
jicri)s> four {^rooxes of uii anndun, 
«*howinj; tniees of the oriKimil 
'*utuiPs(.N) l>etweon them, cownit;;- 
plates (c.p) closed and open, also 
staj{o« in the sei>aratiou of the 
axial canal (a.c) from the ventral 
grooxe (v.a), comjiare Fig. VIII., 
X 5 diam. 3, articnlur lacet of 
arm-fun of P. vighycensis; w, 
muHcle • fossa; I, dornal ligament- 
fo8.sa; r, fdlcral ridge, x 5 . 4 , 

dorsal view of cup and proxiinai 
reigions of amis of P. mtnxbUui. 
Itr, arm-fan; proximal colum- 
nal; other letters as usual, x 3 
diam. (S and 4 are after Bather.) 


arms fused into solid arm-fans. Genus — Petalocrinus^ Weller (1896), 
Silurian, Gotland and N. America, appears to have been derived from 
Arachnocrinui by lateral fusion of the rami of each arm to form a blade 


176 


THE CRINOIDEA 


or fan articulated to the R by a single IBr (Fig. XCL, see Bather, 1898). 
Family 7. Crotalocrinidae. Cyathocrinoidea with cup as in Cyatho- 
(rinus; anal tube when present constructed like that of Gimcrinus; 
tegmen almost entirely composed of Amb, some of which are much 
modified ; the orals seem to have been covered by these and to have 
atrophied, except post O, which remains as a conspicuous plate, ap¬ 
parently niadreporic (Fig. XCII. 3); the entry of Amb into the tegmen is 
connected with the shortening up of proximal portions of arms, so that 
IBr, IIBr, IIlBr, and sometimes IVBr, all partially rest on R, and are 
firmly united by suture with it (Fig. XCII. 1). Arms repeatedly iso- 
tomous; axial canal distinct, except sometimes in extnune distal region. 





CrotsliM'iniKbe. 1 and 2, Enallocnniut Sf/(/4u.> (after Wai’hsin. A Upr.). 1, {Xi^teiior view 
of cup ami anii'boaeH. 2 , enlarged view of more dlNtal poitioiw of ami'., rt from smIh, h fioin 
back, Mhowiiig coniice-like projection.s. 3, tegineii ot f mtulocrinv'i from u .s]M^otiiieii at 

Stockholm. The arm-braiiclieM are uiilt«Hl by the laterul piocenaeM of tlie biachial*', the eiwcen 
between being ivpreaeiited in solid black ; the intermdn (111), along whii h ailiacpntarms unite, 
appearaa tl^e depresaeil lanceolate areaii, in the poeterior ot which Iic'^ the sliort anal tiibe(vl^); 
the axial canals (o.r) are separate fnnn the central grooves {v.g)\ the latter an* protected b> 
cuvering'plates (c.p), which become larger towaid-s the centre, and four pioxnnal ones (P) meet 
around the madreporite (M), x 2 diam. 


Stein large, round, with wide lumen (Fig. L. 1, 3, 4). All Silurian. 
Genera— Enallocnnus, d^Orbigny (1850), Gotland and England ; arm- 
branches distinct, often with a pronounc^ cornice at distal margins of Br 
(Fig. XCII. 2), in this as in other respects closely resembling Gimcrinus, 
CrotaUxTifiMj Austin (1842; syn. Anthocrinua^ Muller, 1853), Gotland, 
England, and N. America; arm-branches united by lateral processes from 
each Br, so as to form a flexible network, which may be continuous all 
round the crown, or divided into 5 broad arm-fans. The family is referred 
to the Camerata by Wacbsmuth and Springer (1888); but the resemblance 
to Maraipocrinus is homoplastic, and the connection with Cyathocrinidae 
scarcely admits of question. The Crotalocrinidae might be called the 
Adunata of the Dicyclica, just as Platycrinua and its allies are of the 
Monocyclica. Family 8 . Cooiacrinidae. Cyathocrinoidea with no aiml 
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plates ill dorsal cup ; with dichotomous aims relatively slightly developed. 
Genera— Codiacrinus, Schultze (1867 ; Follniann, 1887), Devonian, Ger¬ 
many (Fig. XGIII.). LccythiocriuuSf White, 

(1880), Coal Measures of Illinois and Kansas. 




<]JD 

Fill. XCIU. 

Aii.'ily'.H of cup of Cothnrnnv^ 
Schultzcx. * hhowK position ot anus. 


Doth genera little known ; Codiacrimcs is 
compared by Schultze with Myrtillocrinua^ 
by W. & Sp. witli Arhyddon'inus. Family 9. 

CuriiKSbOCiiixiDAK. Gyatliocrinoidea With 
no anal plates in dorsal cup ; anus piercing 
legmen ; arms unbranchcd (or [t\ forking few' 
tunes) ; stem square in section, with an axial and 4 peripheral canals (cf. 
LerytJwcrmus, p. 175). Genera— Cnpressornnu.^ Ooldfuss (1826 ; synn. 

Halocrimcs & Cijpellocrinm of Steininger; see W. &. Sp., 1886, and 
Neuniayr, 1889), Devonian, Germany and England (Fig. XCIV.). A 
massive form with basin-shaped cup ; IBB fused (by some held to be a 
proximale, Fig. XCIV. 3); a stout arm, composed of a few large Br in 
single senes, rests on a facet the full width of each R ; large ambulacrals 
cover tlie arm-grooves and are taken for pinnules by Zittel ; the solidity of 
the close-fitting arms renders a plated tegmen unnecessary, but the 5 orals 



Fiu. XCIV. 

Cupressocrinus (alter L 
Schult/p) All two-lhinls lut. 
81/e. 1 , C. niffutu*, lojuplete 

crown. S, nhbni mtus, vtujtnil 
surface ot cal>\, sli^rlitly niodi- 
rt»Hl , allows “ I'onsoli.lating ap- 
lunitus ’ of toe plates (A), here 
leiranlfd .is oials, hetweeii which 
aie the |wissajies (i g) lor oi|;iius 
of Iho MUitrai j,'roo\e olhei than 
the l««Hl-j;r(Htv<‘, o.r, avial canal 
of ra'lial, Js, pa.ssage for rectum. 
3 , iiifralasal circlet of .same, from 
ljch*«, .showing s>utui-al siiifaces 
(<) for basals, axial canal, ami 
peripheral canals (p.r). 


characteristic of Gyatliocrinoidea are retained as a frame (“ consolidating 
apparatu.s” of authors) around the ventral surface of the cup, post. 0 
being larger than the others and pierced for the rectum (Fig. XCIV. 2). 
Myrtillocrinus, Sandberger (1855, syn. Ancyrocrinusy Hall, see p. 134, 
Fig. LI.), Devonian, Germany, and N. America ; may have closer affinities 
with Gasterocomidae. Family 10. Gasterocomidae. Oyathocrinoidea with 
anus in side of cup, at a level varying with the genus, either above or 
below Xy which is always within limits of cup. Arms apparently small, 
home on a narrow horseshoe-shaped facet, with distinct axial canal. O 
for most part covered by Amb, post. O a large madreporite. IBB small, 
often fused into 3 plates or 1. Stem usually of Cupressocrinid type. 
Genera— (kLsteroconuiy Qoldfuss (1839, W. & Sp., 1886 ; Jaekel, 1895 ; 
synn. Epaetocrinus and CeramocrinuSy J. Miiller, 1856), Devonian, Ger¬ 
many ; anus below Xy which is in line with RR; IBB fused into one. 
NanocrinWy J. Muller (1866, Schultze, 1867), Devonian, Eifel ; like 
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GcuterocoTnOj but ant. R small, without facet; r. ant. R with 2 facets. Scolio- 
crinus, Jaekel (1895), Devonian, Eifel; still more bilateral, in that ant 

and 1. ant RR are larger than the rest, and 
alone bear arms ; anus below r. post R, 
and X between post. B and r. post B. 
AchradocritiuSy Schiiltze (1867), Devonian, 
Eifel (Fig. XCV.); x below anus, and 
resting on post B ; IBB 5 ; stem round, 
with single canal. HypocrinuSj Beyrich 
(1864), Carboniferous, Timor ; differs from 
Ackradocrintis in having IBB fused to 3 ; referred by most authors to 
Cystidea Aporita. 

Sub-Order 2 . Dendrocrinoidea. Dicyclica Inadunata with a thin 
flexible tegmen, or with the ventral surface almost entirely occupied by 
t large anal tube or ventral sac (the latter name being needed if the 
extension contained more than the mere rectum); orals inconspicuous or 
entirely atrophied in the adult ; no madreporite; radial facet often wide, 
so that the distinctness of arms from dorsal cup is not mainUiined ; arms 
dichotomous, the dichotomy often irregular, leading up to a pinnulate 
stage. 

Wheieas the genera of the Cyalhocrinoideu all have the arms either 
quite distinct from each other above the level of the patina, or at least 
not united by supplementary plates, the Dendrocrinoidea gradually attain 
a stage of development in which the arms are thus partially united. 
Below this stage ^^Q may draw a somewhat arbitrary line, separating the 
foinier os a grade, Distincta, from the latter grade—Articulata. This 
line happens to correspond with the break between Palaeozoic and 
Mesozoic time. We deal first with the Dendrocrinoidea Distincta. 
Family 1. Dendrocrinidae. Dendrocrinoidea with regularly dich¬ 
otomous, non-pinnulate arms, with anal x, and large RA in its 


Meroerinns. Ottawacrinua. Dendrocriwm. 






.1 .iBr 








Fig. XCV. 

Analysis of cup of Achradocrinua 
ventrosus. 



HtmoeriniiM. Fio. XCVI. Tfumrocrinua, 

Dendroerinidie. Analytes of enpa. 


primitive position as inferradial (Fig. XCVI.); stem quinquepartite. 
Genera— MerocrinuB^ Walcott (1883), Oi^ovician, N. America and England, 
resembles locrinut (p. 145) in all but the presence of IBB ; anal tube sup¬ 
ported by the left shoulder of r. post Rs. Ottavxicrinm, W. R Billings 
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(1887), Ordovician, Canada; x rests on post. B, BA immediately above 
r. post B; r. post ^ is above general level of RR and may be IBr^. These 
two genera suggest that RA of Dicyclica may not be strictly homologous 
with RA of Monocyclica. Dendrocrinus, Hall (1852), Ordovician and 
Silurian, N. America ; large anal sac with folded plates making wide anal 
area in cup (see also Fig. XXVI. 2, 3). Homocniiuny Hall (1852, em. 
Bather, 1893), Silurian and Devonian, N. America and Europe ; RA 
rhomboid and smaller. Thenarocrtnus, Bather (1890), Silurian, England ; 
large sac, anal area widened by RA sinking between BB. Family 2 . 
Botryocrinidae. Deiidrocrinuidea with arms bifurcating in twu main 
rami with armlets or pinnules; RA usually small and quadrangular 
or absent This family connects Dendrociinidae with Decadocrinidiie, 
and it is ditticult to diagnose it so as to include all of the closely 
related forms. Genera —IjotryocrinuSy Angelin (1878, eni. Bather, 1891 ; 
syn. SicyocriniLSy Ang.), Silurian and Devonian, (iotland, England, Canada; 
small RA, large anal sac, often coiled ; arms range from irregularly 
dichotomous, through ramuliferous, to pinnulate (Fig. XCVIL, see also 
Figs. III., XIII., and XXL). GothocrinuSy Bather (1893), Silurian, Gotland, 
has a cup like ndrocrinm with ramuliferous arms. MasHgocrinus^ 
Bather (1H92 '. S.\,r'ian, England, luis very long, finely dichotomous arms. 


.RA 




Fi«!. XCVll. 

.Analysis of cup in JiotryocnnH'>, 



Fio. XCVIII 

Analysis of cup m AUlcstocrmu^ 


no RA (for anal sac, see Fig. XLVIIL). Ga^trocrinus and Rhadinocmius, 
Jaekel (1895), Devonian, Germany, are, respectively, like a Dotryorrinu.'^ 
with cirri in whorls of 5 (Fig, XVII. 1), and a Gvthucrinus with minute 
ramules. GosmocrxtmSy Jaekel (1898), Devonian, Germany and N. America, 
has broad cup of Botryocrinas type, arms pinnulate, and with ramuli on the 
inner side of the two main rami. VasocrinitSy Lyon (1857, em. W. & 
Sp., 1879), Devonian to Carboniferous, N. America, scarcely differs from 
Boiryocrinui, Bai'ycrinuSy Meek & Wortheii (1868, em. W. & Sp., 1879), 
Carboniferous, N. America and England, has heavier cup-plates and large 
stem-lumen. GoniocrinuSy Miller & Gurley (1890), Waverly Group, 
Iowa, has no RA, and has cirri like Gastrocrinus. Atelestocrinmy W. & Sp. 
(1886), Carboniferous, N. America, is distinguished by absence of an arm 
from ant R; large RA supporting rt (Fig. XCVIII.); arms ramuliferous. 
SireptocfinWy W. & Sp. (1886 ; redescr. Bather, 1893 ; syn. OphiocrinxtSy 
Ang. non Salter), has branched arms, coiling inwards, wdth pinnule-like 
processes arising irregularly from sides of Br ; no RA, anal sac coiled. 
Family 3. Lophocrinidas. Dendrocrinoidea with only 1 ramus to each 
arm, with ramuli springing from the alternate sides of every second Br; 
with no RA, but sc supporting on its shoulders 2 plates of a delicate 
anal sac. Genus— Lophocrinusy H. v. Meyer (1868 ; redescr. Jaekel, 
1896 ; syn. ? Carduocnnttf, v. Koenen), Upper Carboniferous, Germany. 
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A similar evolution of arm-structure to that seen in Botryocrinidae 
produced a long series of genera with pinnulate arms, for the most part 
clearly forking into two rami, and rarely branching more than once 
again, but in some genera branching ihore often. All at iirst had an 
anal area more complicated than that of Dendrocrinus, in that a fresh 
plate (rO was inserted between x and r. post. R so as to rest on RA, 
while a corresponding plate i}X) appeared on the left of .r. Family 4. 
SCAPHIOCKINIDAE (= Poteiiocrinidae, Auctt., greatly restricted). Dendro- 
crinoidea with dichotomous, usually much branched, pinnulate, stout arms, 
with facet occupying nearly full width of R ; with a*, RA, r/, and /f, in 
anal area of cup, supporting a large plicated sac (Fig. XCIX.). Carbon¬ 
iferous of N. America and Europe, a few Devonian. Genera— ScapJiin- 
crtmis, Hall (1858, em. W. & Sp., 1886 ; synn. Ifydriorriuus^ Trautschold ; 
AbrotocrimiSj Hill. & Gurl.), and Poteriocrinm^ Hiller (1821, ein. W. & S]>., 
1881), ditfer in little but the greater definiteness and less width of tlie 
facet in the latter; each has a long anal sac (Fig. XXVI. 4;. Woodocnn iis, do 
Koninck (1854 ; synn. Philocrinus^ de Kon.; Ptichylocrinus, W. & Sp.), has 
shorter cup, arms, and sac. In Anlocrinva^ AV. & Sp. (1897), the sac forks. 
Zeacrinus^ Hall (1858, ein. W. & Sp., 1886), has a sliort, stout sac, around 



ro(€nocriin(<!. Kio. XCIX /.fan inns. 

Scai)hiornni<l.u*. Analyses of cups. 

which the wide arms fit closely. Coeliocrinusj White (1863), and Hydreitmo- 
crinuSf de Kon. (1858), ditfer from Zeacrinvs in having the sac respectively 
balloon-shaped and mushroom-shaped. BursacnmiSy Meek & Wortheii 
(1861 ; syn. Synyphocrinus, Trautschold), has arms like Zeacrinus, but no 
anal except % in the cup ; it is in the latter respect the morphological 
equivalent of Graphiocrinus (infra). Family 5. Scytalecrinidae. Den- 
drocrinoidea with forked, pinnulate, slender arms; anal structures as in 
ikaphiocrinus. Genera— ^taUarinus, W. & Sp. (1879, .syn. DactylocrinuSy 
Sladen non Quenst.), and DecadocriuuSy W. & Sp. (1879), both Carboniferous, 
differ chiefly in shape of cup, conical in the former, saucer-shaped in the 
latter, which thus leads on to : Family 6 . Graphiocrinidae. Dendrocrin- 
oidea with forked pinnulate arms and saucer-shaped cup, concave at base, 
and containing x, but no RA (Fig. C.). In many points resemble the earlier 
Encrinidae, but have not such thick cup-plates or large muscle-fossae. 
Middle and Upper Carboniferous. Genera— GraphiocrinuSy de Koninck 
(1863), Aesiocrintia, Miller & Gurley (1890), Delocrinnsy Miller & Gurley 
(1890 ; syn. CeriocrinuSy White non Desor). In this and the succeeding 
families the biserial arrangement of Br first assumes pi'ominence ; it had 
already appeared as an occasional gerontic character at the distal end of 
the rami, but now is found in all except their most proximal portions, 
accompanied by shortening of the arm. Family 7. Cromyocrinidai. 
Dendrocrinoidea with simple or bifurcating, stout, pinnulate, usually 
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biserial arms ; with cup- bowl- or saucer-shaped, composed of stout plates, 
RR having muscle-fossae gradually more pronounced; with x always, and 
RA usually, present in cup, RA often supporting rt (Fig. C.). There is 
much confusion in the nomenclature of this and allied families, and the 
following names may not be Used in what will ultimately prove the correct 
sense. Genera— Cromyornnns^ Trautschold (1867), and Enjmchycrimes. 
Meek & Worthen (1855, em. W. & Sj)., 1886), Middle and Upper Car¬ 
boniferous, Europe and N. America, are closely allied ; x, RA, and rt in 
anal area. A fjassi'Mcrinus, Sliumard ex Troost MS. (1853 ; syn. Astylocrinus, 
C. F. Uoemer), Kaskaskia group, N. America, is a Crumyoennus that loses 
its stem in adult life, while IBB fuse to a solid mass (cf. Edriocnmis, 
p. 191). Trihravhiocrinus, M‘Coy (1847, redescr. R. Etheridge, hi., 1892 ; 
syn. Pentadia, Dana, 'pars), Permo-Carboniferous, Australia, lias 1. and r. 



lUhn nuns. 
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Analyses of cups of Craplnocrimdiu', Croinjocniudac, nnd Encnmdae. 


pairs of IBB fused ; single arms borne by ant., r. post., and 1. post. 
RR ; whether the other RR bore arras is a moot point. Phialocnmis, 
Trautschold (1879, ein. R. Etheridge, til., 1892, mn Eichwald ; syn. 
Pentadia, Dana, pars), Permo-Carboniferous, Australia, Russia, India; 
differs from Acsiocrinus and Ceriorrinns in little but greater thickness of 
cup-plates, especially RR, and has, as they, only x in cup. Ulocrimis, 
Miller & Gurley (1890), Upper Carboniferous, N. America, has large 
RA, but very small .r, which rises partly above level of RR (Fig. XXIX.). 
From these genera we pass almost insensibly to : Famiia" 8 . Encrinidae. 
Dendrocrinoidea with forked, pinnulate, biserial arms, saucer-shaped cup, 
with stout plates and well-developed muscle-fossae ; with no anals in cup, 
and with sac diminished or absent (Fig. C.). Genera— Steininatocrinus, 
Trautschold (1867), Upper Carboniferous Limestone, Russia, has IBB fused 
into one. Erisocrinm, Meek and Worthen (1865X Lower to Upper Car¬ 
boniferous, N. America, has 5 small IBB covered by the stem, and x rests 
on upper surface of adjacent r. and 1. post RR. Encrimii, C. F. Schulze 
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(1760, synn. Glielocrinus and [1] CalatliocrimiSy v. Meyer, Flabellocrin'ut, 
Klipstein, [?] Casdanocrinm^ Laube, [?] Traurmtocrimiiiy Wohnnann, which 
^Porocrinus, Dittmar non Bill), Trias, Europe, has 6 minute IBB, a 
lofty plated tegmen, small tube, but no distinct anal plate. 

Another line of evolution, probably continuing that of the Graphio- 
crinidae, introduces the Articulate Grade of Dendrocrinoidea, of which 
the most important family and the first to appear is the Family 9. 
Pentacrinidae. Dendrocrinoidea with pinnulate, uniserial arms, forking 
once or dichotomising many times, either regularly, or irregularly so that 
the minor branches become pinnulate ramuli; with a small, usually 
depressed patina, in which IBB are often minute or atrophied in adult 
(pseiidomonocyclic, or, as Bigot has recently expressed it, “cryptodi- 
cyclic ”); but the flexible tegmen extends some way up the arms, so 
that the proximal IBr, and sometimes some IIBr, are incorporated loosely 
in the dorsal cup ; a slight anal tube or cone, but no distinct anal plates 
in either cup or tegmen; stem pentagonal or sub-pentagonal, usually 
with cirri in whorls of 5. Genera —iJadovrinuSf v. Meyer (1847 ; see v. 
Koenen, 1887-95), Trias, Middle Europe, has a round or sub-pentagonal 
stem without cirri, pinnulate arms forking once, 2 IBr, which are united 
by several small iBr. Holocrimis, W. & Sp. (1886, em. Jackel, 1893), 
Trias, Germany, has whorls of cirri, slender arms forking once, 3-4 IBr, 
not united by iBr, but tegmen stretches up to about IBr, cup high and 
constricted alx)ve. The family characters become more definite in latei* 
forms, which may be associated as a Sub-Family—Pkxtacrininae ; IBB 
always minute or atrophied ; stem bears cirri in whorls attached to the 
epizygal of a sy/ygial pair ; its internoties transversed by 5 ligament- 
bundles, which are interradially disposed and give rise to a more or less 
petaloi<l figure on the joint-faces ; root-attachment may exist in young, 
but is relinquished in adult (Fig. CL). Genera— Pentaermus, Blumenbach 
(18U4 ; synn. Polijccrus, Fischer, 1811, pars; Extrarrinus^ Austin, 1847 ; 
[1] Chladocrinus, L. Agassiz; see especially Quenstedt, 1875), Lias and Jura, 
Europe. Petaloid sectors of stem linear with delicately crenulate edges ; 
cirri elliptical or compressed in section, in close-set whorls; IBB present in 
adult; RR prolonged downwards over proximal columnals, the prolonga¬ 
tions being jointed ; each arm has at least 4 rami with large pinnulate 
ramules on one side only. Isocrinus^ v. Meyer (1837 ; synn. Lin¬ 
naeus, pars; Cainocrinus^ Forbes ; PicteticrviuSy de Loriol ; Ce^wennus an<l 
Nf4Krinns^ Wyv. Thomson; and Pmtacrinns, sensu P. H. Carpenter^), 
Trias to Recent, now chiefly Caribbean and Pacific. Sectors of stem dis¬ 
tinctly petaloid, with coarsely crenulate edges ; cirri circular in section, 
the whorls further apart (Figs. XVI. 4, 6 ; XVII. 2, 3); IBB are visible 
in various Jurassic species, but become obsolete in later times (cf. Fig. XI.); 
BB may form a complete circlet (on which feature Cainocrinus was based), 
or may be minute and separated by RR; IBr 2, non-pinnulate; arms 
isotoraous or nearly so ; sacculi occur sparingly. See Guettard (1761), 
J. Muller (1843), P. H. Carpenter (1884), and Fig. XXIII. 3, 6, on p. 117. 
BcUanocrinus, Agass. in Desor (1845 ; em. de I^r. 1879), Trias to Eocene, 

’ Carpenter chose to ignore all writers on Crinoidea liefore J. S. Miller. For 
the history of these names, see Natural Science^ April 1898. 
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lias coliimnals of circular or basaltiform section, with crenellations round the 
edge only, not along the sides of the sectors. A uitinocrinus^ de Loriol (1889), 
Cretaceous ; coluiunals have a joint-surface like that of Jsocrinus, but with 
finer striae radiating from the petals to the circular periphery. MetacrintUj 
P. H. Carp. (1884), W. Pacific, differs from Isocrimis in having 5-8 IBr, 
of which IBr^ always, and IBr^ a usually, are united by syzygy, 
while each, except IBr^ and the hypqzygals, bears a pinnule ; BB form a 
complete circlet. The members of this sub-family live in colonies, but 
can move about and anchor by the cirri at the distal end of the stem. 


4 6 8 



1 J 7 10 

fj... ci. 


Pentacrininne. 1, IVnin^rimn fossil ,jMjrtion of stem, jjatina, and portion of ami, sho\Mnf: 
rami, ramuli, and pinnnle'i {p). 2, the name; |)ortion of n cirrus and articular facet of a cirral. 
3, the correspondniK ymrtH of horrinus mtrna. 4, Meiarnnus Moselenu cup and proximal por¬ 
tion of an arm. ."i, Inocrinuo jm/lidus, cup seen from below, with portion of stem, bearing cim, 
atill attached to it, and witli proximal brachials, ft, a rwiius of the same, showing isotomy of arm. 
7, /nocrtaMs awft/ysrtitarts, joint-surtace of an uiterno<lnI cotumnal. 8, the same of Italanocrinus 
nubterfu. 9, thesame of/Vnfnri-tnws/oxsi/w. 10, the saiiie of /.of>crtHi(S asfena. (From Bather, 
after P. H. Caryieriter, du Ixinol, \oti Meyer, and original.) 2, 3, 7, 8, P, and 10 are slightly 
enlargeil. 


The stem is least specialised in BalanocnnuSy most in Fentacrinus^ in 
which it attained a length of 18 feet (Quenstedt thought 70). Family 
10. UiNTACRiNiDAE. DendrocHnoidea in which the arms fork once on 
IBr.^, are long and pinnulate, with numerous syzygies, and are incor¬ 
porated in their proximal regions, together with proximal pinnules, in 
the dorsal cup, by means of iBr, illBr, and interpinnulars; there is 
no stem, but a centrale. Genus —Uintacrinusy Grinnell (1876), Upper 
(iJrctaceous, N. America, Germany, and England (Fig. CIIL), has a rela¬ 
tively large flexible theca and long arm& It was free-swimming and 
possibly pelagic. IBB usually obsolete. For detailed account, see ]l^ther 
(1806). Family 11. Marsupitioae. Dendrocrinoidea (7) with pinnulate 
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arms, short in proportion to cup, borne on a sharply defined radial facet, 
and forking on IBr., (further branching unknown); they are loosely 



\ Intm'i inui sotixh^, Upjw'r <»f Aiiioiica, nat. size, 1, from llm Rjtle, 2, from 

r, cnitr.ilf; Uisals , A’, nuliuU; 7/(/|, lirht )irimil>i':i(’)i ; At, juimaxil; 1, 2, 3, et**., 
srcimiiihiticlM, Immiiii)' p, jmiuiilfs, souu> of wlmh au»* inclmh'il in the >\alUot the cu]>, \i/. 
J.ji. ; '>y/y^y. 'J’lip lutcicalateU wliuli hnnl thi'v elemonU togetlier, are sliadnl. 


united by iBr, but do not merge in the dorsal cup. Cup large, com¬ 
posed of 5 HR, 5 BB, 5 JBB, and a large centrale, with no trace of a 
stem. Genus— Marsiqntes, J. S. Miller ex Mantell MS. (1821 ; synn. 



Kn.. riv. 


Mmyipitf^ tt'AtmUnni *tw. 1, 1 In* rnp fmm thi» Mnh», wliow iiiR the rhanicter of the ornnniPiit; 
(from 1 lit. Mils siHTiiimn, B2Ulh), x 2, tlip nuliuls ami provimal r»*«ioii of the arms (from 
lint. .Mils. .*-182), nut. sixo. C, oontraU*; /, lulcral rHl|;p ot niilmi fucpt; p, niniiiile't' a. 
s>/y«ips. Other letters OH usual. * /i i . » 


Situhirid, CmiiWrlund; Marsupiocrinnit, de Blainville), Upiter Cretaceous, 
EnKland and Oermnny (Fig. CIV.; see also Fig. XVII. 4). The relations 
of tlie genus are not yet cleai\ Famii.y 12 . B.\thychi\idak. Dendro- 
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crinoidea (?) in which the anus fork once on IBrg; IBr ^ ^na 2 
IIBr, except IIBrg, g, j,, are united in pairs by trifascial articulation 
(apud Carpenter, see Fig. XXIIL 2), which may become syzygial (ap\id 
Danielssen) ; only the distal brachial of each pair bears a pinnule, and 
there are no pinnules on the first few pairs ; the arms are loosely incor- 
jx)rated in the cup to half-way up IIBr,; lax has large muscle-fossae on 
strong wing-like processes (cf. Fig. XVIII. 6). BB fused in adult to a 
single discoidal ossicle ; RR also become closely united ; IBB obsolete. 

Intcrambulacral areas of legmen contain 
scattered small plates, and sometimes each 
has a large plate, which may be an oral. 
Columnals dicebox-shaped and twisted, 
with bifa‘*cial articular surfaces; each 
said by Danielssen to be formed by 
fusion of two columnals ; those in the 
younger, proximal region are thin and 
discoidal. The root branches. Cenus— 
Uathyennui^ Wyv. Thomson (1872 ; see 
P. H. Carpenter, 1884, and Danielssen, 
1892; syn. Ilycrimis, Danielssen & Keren, 
1877), North Atlantic and Southern 
Ocean, at 7r)0-1500 fathoms (Fig. CV.). 
Carpenter places this in the Bourgueti- 
crinidae on the grounds of its resem¬ 
blance to RhviocrinuSy while admitting 



Jkithifcrinuf. 1 , cr'Wii of li. AUln- 
chuinuif, iiat. Hize (alter P. H. Car- 
Iieiitar). ‘2, S, and 4, li. Cni-penteri 
(aftor DaiiielMUin). 2, new radiala and 
anna on an old baae and atein, x 4 
diani. 3 and 4, atein fragnieiita, iiat. 
Mize. pinnules; rt, root - dm ; 

.s'lj, proximal region of stem; 
metlian <litto; St^ distal ditto. 



Fio. CVI. 

TransverHS section of tliu dorMal iicixniiH 
H>8teni in liathycrinw Carpmtei'i, diagram, 
matiseil from DanidsHen. 7/1, interradial cords 
which pasM up between radinls ; It, radial conN, 
connected by rc, the ring-commisMiirc. 


that *Hhe differences between the two genera are much greater than 
their resemblances.” If the absence of a proximale have the value 
claimed for it by Wachsmuth & Springer, the two genera must go into 
different orders. The interradial axial nerve-cords correlated with the BB 
fork first within the sutures betwreen RR, and, in Carpenter’s opinion, the 
basi-radial strands take the place of a ring-commissure ; but Danielssen 
describes a ring-commissure (see Fig. CVI.). There’are 3 water-pores 
in each IR. The crown separates very easily from the BB and stem, 
and may be replaced by a fresh crown (Fig. CV. 2). Sacculi occur. (See 
also Fig. LIII.) 
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Order 2 . Flezibilia, Zittel 
(— Articulata, W. h Sp. non Muller). 

Dicychca in wliich j)roximal Br are incorporated in the dorsal cup, 
either by their own sides, or by iBr, or by a finely plated skin, but 
never rigidly ; plates may occur between RR. Tegmen flexible, with 
distinct Amb and numerous binall iAmb ; mouth and food-grooves remain 
supra-tegminal and open. The top columnal is a persistent proximale, 
often fusing with IBB, which are frequently atrophied in the adult. 
Arms non-pinnulate (Grade Impinnata), or pinnulate (Grade Pinnata), 
but always uniserial. 

As in the case of the Distincta and Articulata among the Dicyclica 
Inadunata, so the line between the grades Pinnata and Impinnata corre- 
sjiuiids roughly with that between Palaeozoic and Mesozoic time. But 
in the present order the grades are more self-contained and the gap 
between them greater. In fact, we are by no means certain that they 
are rightly described as mere grades ; in other words, that the Pinnata 
are the lineal descemlants of ImpinnaUu The two divisions may have 
arisen from Inadunata independently, springing from pinnulate and non- 
pinnulate forms rcsjiectively. 

Grade 1 . ImpinnSita. 

Flexibilia, in whicli all plates of the crown are united by loose 
suture or muscular articulation. IBB 3, the primitive r. post remainii j 
as the .small unfused IB. Br usually united by waving sutures, the lower 
edge of each frecpiently with a projection that fits into a depression on 
the plate below, and often liecomes a separate patelloid plate. Arms 
isotomous, or rami may bear ramules on one or both sides, but no 
pinnules. Ventral groove wide and shallow ; axial canal separated from 
it in proximal region. 5 O, betw een which food-grooves pass to the 
mouth. Stem round ; proximal coliimnals very short, and usually wider 
than the others. 

Many of the earlier genera can be distinguished from Dicyclica 
Inadunata only by the greater thickness and more elaborate sutural 
union of their plates, and the greater width and less length of the arms. 
It is the combination of massiveness with flexibility that characterises 
the Grade. There is never an elaborate anal sac. Within the Grade 
Impinnata can lie traced the evolution of heterotoinoua arm-branching of 
tw^o types, also an increase in number of iBr. The genera seem to 
merge into one another, and are as yet too ill-defined to be grouped into 
families on a sure genetic basis. The follow ing arrangement represents 
similarities of structure rather than lines of descent 

Family 1. Ichthyocrinidab. Impinnata with no iBr, with isotomous 
amis, closely abutting by their sides. Genera —Pycnosaccusj Angelin (1878; 
syn. Oncocrinus^ Bather), Silurian, Gotland, England, and N. America, has a 
cup like that of BarycrinuSy with x and RA, and with strong axial folds 
(Fig. eVIL); arms, though abutting above, are distinct below and do 
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Fig. evil. 


AnalysiH of cup in Pycnosaccus. 
(Alter Bather.) 


not interlock ; colunmals solid, moniliform, alternating in thickness. 
Lecanocrimis, Hall (1852), Silurian fviid Devonian, N. America and Europe, 

differs only in greater smoothness of 
cup and approximation of arms, 
which may even interlock by the 
alternating edges of the Br, Cjfrtido- 
vrimtSy Angelin (1878), only known 
from cup, which apjjears to be like 
that of LecanorrinuSy but is wiid to 
have 4 BB. Cliilochinis, Ang. (1878), 
Silurian, Gotland ; arms abut, but do not interlock ; no RA, but 3 anals 
in vertical series rest on truncate post. B. Muijnlocrinusty de Koninck 
(1853), Lower Carboniferous, Belgium, England, and N. America, differs 
from last-mentioned in having each arm curved 
over to the right, so that they all fold with a 
sinistral twist (as seen from above); IBr^ wedge- 
shaped, broader on left. Nipterocrinus, Wachs- 
muth in Meek & Worthen (1868), Carboniferous, 

N. America, should perhaps come here. Ichthyi)- 
criiiuSy Conrad (1842), Silurian, N. America and 
Europe, has no anals ; arms abut all round and 
interlock by edges of Br (Fig. CVIIL). Family 2. 

Gazacuinidae. Impinnata (?) with a single large 
iBr in each interradius, the posterior (anal) resting 
on truncate edge of large post. B ; arms isotomous; 
tegmen of 5 0 of Cyathocrinoid type, surrounding 
a peristome which is covered by fused proximal 
Amb, and supporting Amb along their edges ; 
food-grooves fork on the tegmen (Fig. CIX.). 

Genus—Gazoennu*, S. A. Miller (1892 ; syn. pin/omu, 

IdiocrimiBy W. & Sp.), Silurian, N. America, is restored troiu Brit, 

referred to the Camerate Family Dimerocrinidae * 
by W. & Sp. (1897). Its dorsal cup does not differ essentially from that of 
Ajiisocrimis {infra)y but the number of TBB is uncertain. The tegmen. 




1 2 3 


Fio. CIX. 

Gaiaerinus. (Diagrammatised from Wachsmuth A SpringerX x 2 diam. 1, G. inomafNK, 
tegmen with almost all ainbulacrals removed. 2, G. ventrlcomuy dorsal view. 8, same, side 
view, with proximal ambulacrals (F) in position. As, passage for rectum through posterior 
oral; v.g, ventral grooves passing between edges of orals. Other letters as usual. 


scarcely of either Flexible or Camerate type, suggests recent descent from 
'.nadunata. Family 3. Taxocbinidae. Impinnata with i£r, which usually 
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are few and have the proximal larger than the rest; with isotomoup 
arms which may abut but do not interlock; anals form a well-defined 
vertical series. Genera— GnorimocrinuSy W. & Sp. (1879, ent Bather, 
1899), Silurian, Gotland ; arms distinct, with 0-4 small iBr, and 
sometimes a few illBr; post. B reaches up to top of patina, between 
it and r. post. R is a RA, supporting the greater part of x, which bears 
a vertical series of I or 2 rows. Anisocrinus Angelin (1878), Silurian, 
Gotland, has abutting but not interlocking arms, a very large proximal 
iBr, with small triangular piece above; x differs from iBr only in 
resting on truncate edge of large post. B; no RA. TaxocnmcSy Phillips 
in Morris (1843; synn. IsocniiuSy Phill. non v. Meyer; CladocrinuSy 
Austin non Agass. ; Em'ifalm'inuSy Aust. ; ForhesiocrinnSy de Kon. non W. 
& Sp.), Silurian to Carboniferous, Europe and N. America, has arms 
more distinct, with few or no iBr, and occasional small illBr and illlBr ; 
anal.s form a vertical series re.sting on truncated post. B, and seem to 



Fio. cx. 


Diagrams of the ann-branching in Taxocniiuiae and Dactylocrinidae. 
1, Tuxticrintis tubemiUttus. 'I, lAtliocnnus 3, Calpiocrimts: 4, Z>nc/y/o- 
crtntis: r», Syncrotrlnut: 0, (h\ychocrinU9 exscvlptus. These do not form 
a continuouH evolutionary senes, but thetr relationship may be indicateil 
tims— 



t 

have supported a small free tube (Figs. CX. 1, and XXXVII.). Hornalo- 
crinuSy Ang. (1878), Silurian, Gotland, has very small BB, abutting arms, 
large proximal iBr, followed by 1 or 2 in vertical series, occasionally 2 
illBr, anals as iBr but resting on post B ; except for the isotomy of its 
arms, this genus closely resembles Calpiocriniis. Family 4. Dactylo- 
CRINIDAE. Impinnata wnth iBr either few or numerous ; with hetero- 
tomous arms, the rami bearing rainules; with anals in vertical series. 
Genera— Caljnociinnsy Ang. (1878), Silurian, Gotland and England, has 
minute often obsolete IBB, but fairly large BB; iBr few* and variable, 
illBr occasionally present; anals 3-5, x resting on the small post B ; the 
IlBr rami bear unbranched ramules on tbeir inner sides, the proximal 
ramule much larger than the rest (Fig. CX. 3). Lithocrinus, W. & Sp. 
(1879, emend. Bather, 1899; syn. Forhestocrinusy Ang. non. de Kon.), 
Silurian, Gotland, differs from Calpiocrimts in larger size of BB, greater 
number of iBr, branching of ramules; the latter characters make the 
arms less apposed to one another (Fig. CX. 2). DactylocrinuSy Quenstedt 
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(1876, based on Dimerocrinus olig&ptilusy Pacht; probably includes Ai'islo- 
crinus or Callawaycrinus, Rowley, 1895), Silurian (?) and Devonian, 
N.-W. Europe and N. America; iBr few, proximal large ; jc rests on large 
truncate post. B, a little to tlie right, and suppoits numerous smaller 


plates in somewhat irregular vertical 
on the sides towards the middle of 



Fio, CXI. 


series ; the IIIBr rami bear ramules 
the dichotom, the pio.\inml ramule 
branches again (Fig. CX. 4). 
Synerocrin uSy Jaekel (18 97), 
Carboniferous, Europe, has arm» 
like Davtyloa-imiSy except that no 
ramules branch ; it also diHoi's in 
liaving 3-8 iBr, perhaps more, with 
occasional illBr and ill IBr ; jr rests 
on post. B (Figs. CX. 5, and CXI.). 
This genus probably includes the 
Belgian .species erroneously referre<l 
by de Koninck to Tnxocnnu.^ nohilus 
when erecting Furhe.'twrrin us. Enrifh 
criniiSy Phillips (1836), Caiboni- 
ferous, England, is probably a close 
ally, but its arms are not well 
known. OitycJmriuusy Lyon & 
(’a.sseday (1859), (’arboniferous, N. 
America and Ireland, ha.s a large 
l)ro.\imal iBr followed by small 
jilates, often numerous, merging 
with the tegmen and ventral cover¬ 
ing of the arms, but leaving the 
arm.s more free than usual in the 
.sub-order; I IBr rami bear branch¬ 
ing ramule.s, either along each side 
or in clusters at end, but the 
hetcrotomy is alway.s bilateral, not 


Syntroennus incurvuM, from Brit Mu«. 
B6707. 1, from the right antt'nor Hide, x |. 

3, Joint-eur&ce of a luuchial, x 3 diuin. 3, a 
radial, ahowing articular mirfacH for llrst priiiii- 
bimch, and on either Hide the Hurfacen of lo<Me 
auture with intcrbrachialn, x 3. It, basalH, 
which poHH under the cup, the larger jiOHterior 
liaml is juHt vialbie on the left; dl, toHMi for 
dorsal ligaineiit; m/, niiisc1c*foHHa ; pV , Murfuce 
for attachment of {latelloid plate {pt). Other 
letters as usual. 


variable number of illlBr; arms 


unilateral as in all the genera just 
mentioned—a fact suggesting that 
Onychorriniis should form a distinct 
family or, at least, sub-family (Fig. 
CX. 6); anals 3-5 resting on post, B 
(.see also Fig. XVII. 4). Family 6. 
Saoenocrinidae. Iiiipinnata with 
over 20 iBr, 6 or more illBr, and 
isotomous or almost so, to VIBr 


or beyond ; anals not a distinct series, but represented by greater width 
or number of iBr in post IR. Genera— SagerwcriniL8j Austin (1843), 
Silurian, Europe and N. America, has RA sunk between post and 
r. post BB, so that proximal iBr is supported between post. B and RA 
(Fig. XXlVa). In “ Forbmocrinus Agawiziy** Carboniferous, N. America, 
which may be placed in this family, post B supports 2 iBr, and there 
are considerably more i£r in this IR Patelloid plates are richly 
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developed, but are absent from Sagenocrinus. Otherwise the two genera 
agree closely. 

The following genera are placed provisionally in the Impinnata:— 
Edi'iocrinuSy Hall (1659), Devonian, N. America (Fig. CXII.), when young 
is attached by BB, but is 
free - floating in adult; BB 
become fused into a bowl- 
shaped mass, oupporting 5 
RR and x ; arms broad, with 
low Br, isotomous. Cleio- 
m?ius, E. Billings (1856 ; sec 
W. & Sp., 1886), Ordovician, 

Canada ; IBB and BB hidden 
by stem; RR small and sepa¬ 
rated by a large pentagonal 
interradial ; arms isotomous to 
about VIIBr, and all appear 
to interlock and to be joined 
by close suture ; post. IR sup¬ 
ports a vertical series of anals, which reach the full length of the arms. 
RkopalocrinuSy W. & Sp. (1879), is based on I'axocrinus gracilis,* 
Schultze, Devonian, Eifel; it perhaps belongs to Dicyclica Inadunata. 

Gkade 2. Pinnata. 

Flexibilia with BB and RR united by close suture, RR and proximal 
Br by muscular articulation or eyzygy ; pseudomonocyclic ; arms pinnu- 
late and either simple or isotomous ; axial canal separate from ventral 
groove throughout; lax is generally IBr 2 , rarely IBrj ; 5 O present in 
early stages and sometimes in adult, but usually atrophy; anals do not 
form part of the dorsal cup in the adult. Stem round, pentagonal, or 
elliptical in section, proximal columnals often forming a widened cone. 

This group is confined to Mesozoic and later times, and there is no 
evidence that it is descended from the Palaeozoic Impinnata; it may be 
an offshoot from Triassic Dicyclica Inadunata, from which it is dis¬ 
tinguished by the mode of growth of the proximal columnals. 

Family 1. Apiocrinidae. Pinnata in which the patina consists of 5 
BB and 5 RR; arms incorporated to a very variable extent in the cup, 
and iBr may be present; columnals round or pentagonal in section, their 
joint-surfaces marked with radiating striae, and sometimes tubercles in the 
middle ; no cirri; root, when present, encrusting. (For fossil forms, see 
de Loriol, 1883.) Genera— MilUricrinus, d’Orb. (1840 ; synn. Ceriocrinui 
and Pomatocrinus, Desor ex Kdnig), Trias (?) to Lower Cretaceous, Europe ; 
IBr^ united to R by muscular articulation, and to lax by close suture; arms 
isotomous, free from IBr, or proximal Br united by tegmen, or a few small 
iBr developed ; except for the proximale, the upper columnals are rarely 
widened (Fig. XVII. 7^. In some species (Fig. LII.) the crown breaks off 
from the root, the stem is gradually resorbed, and a free-floating stage attained. 
Apiocrinut, Miller (1821), Jurassic, Europe; IBr. united to R probably 
by ligament, not by muscular articulation, and to lax by incomplete 
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syzygy ; IIBr^ united to lax by articulation ; arms isotomous, incor^jorated 
in cup at least up to IIBr.j; iBr few and irregular ; the upper columuals 
widen gradually, and, with the proximale, form a cone passing into tlie 
cup (Fig. XVII. 5, 6). Guettardicrinmy d’Orbigny (1840), Upper Jurassic, 
differs from Apiovrinus only in the union of IIBr^ to lax by close suture, 
the incorporation of a greater number of I IBr in the cup, and the presence 



2 1 3 


Fio. CXIII. 

CalanuKrinus Dionudar. 1, the crown and proximal jiortion of the hUmh from the right 
IHMterior interradius, x §. 2, the root, nat. size. 3, the interior of the basal circlet, from 
above, showing the anciiylosed sutures and the axial cords (or) radiating from the central 
chambered organ, x (After Agassiz.) 

of more iBr ; it is the acme of this line of development. AcrochordocrinuSf 
Trautschold (1859; synn. CyclocrinuM^ d’Orb. non Eichw. ; Mupilocrinw, 
Quenst non de Kon.), Jurassic and Lower Cretaceous; columnals only. 
CcUam/oerinuBf A. Agassiz (1890,>92), 392-782 fathoms, Galapagos Is. and B. 
of Panama (Fig. CXIII.). Patina distinct, owing to restriction of facet to 
} width of R ; BB tend to be fused ; RR laterally united by ligament; 
r.andl. post. RR slightly longer than the others. IBr^ united to R by 
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muscular articulation, and to IBrg by incomplete syzygy. Arms hetero- 
tomous; each gives off 5 imbranching rami nearly as stout as the main 
stem, 2 to right and 3 
to left, or vice versa; the 
first main-axil is the 
10th or 11th brachial, 
succeeding branches are 
at much greater inter¬ 
vals ; pinnules occur 
below lAx, on IBr^^ g 
or IBr^. g, . those 
being as a rule cpizy- 
gals. There are dis¬ 
tinct Amb and adAmb, 
both in arms and teg- 
men. The proximal 
region of the arms is 
fixed by the tegmen, 
so that the grooves of 
the proximal pinnules 
rise from the tegminal 
food - groove (Fig. 

XXIV.). Small iBr , , , 

. V 1 1 r 'icfiuieu Of i (da uwcn'nus Dionirilar, with the uims and nin 

rest on snoulders Ol KK nules cut off down to the level at which they become fixed »n 
a.n<l niArap intn iinnpr- calyx. Amf/^ ambulacraK or co\enng i>laU*8' As, anua , 
ana merge into "“Per gxiaf canal of arm; cc, coeliac canal of anii ; />r, food-Rroox e 

forate lAmb, and these of anterior arm where it joins the tcgminal food-groove; IBi, 
nnafl int/i T^oiufnrniiR pninibrach; Unib, interainbnlacrals, both perforate and im- 
pass into poillcrous pt.rforatc ; pi, first or pioximal pinnule ; p2, .second ; jjS, thinl 
iAmb : 5 imperforate pinnule; sic, subtcntacular caniil of anterior arm; ic.p, water- 

platesat the interradial Agassu), x 

angles of the peristome are taken by Agassiz for 0 (Fig. CXIV.). 
Stem long, smooth; root encrusting (Fig. CXI 11. 2). Family 2. 
Bourgueticrinidae, Pinnata in which the patina consists of 5 BB 




Fio. OXV. 



RourgrtteticriiiKs. 1, B. aeqwUis (from Brit. Mus. E6705). S, ventral view of same (from 
SOTOS). 8, Joint-Burflftce of proxitnale (P>, by which it articulates with a^oining columnal (C). 
4, veitical median eection of B. tUiptlcus (after d’OrbignyX All x 4 diam. 

13 
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forming a closed ring and 5 RR 
with high muscle-plates; armvS in¬ 
corporated to a very slight extent 
in the cup ; and then only loosely 
without development of iBr ; all 
columiials, or all except those in 
the proximal region, have ellipti¬ 
cal joint-surfaces witli a grooved 
and toothed fulcral ridge in tlie 
long diameter and ligament-fossiie 
on either side of it; each colum- 
nal is twisted so that tlie ri<lge at one end 
lies at ail angle to tliat at the other end ; cirri 
may he present at the root end or in the 
middle of the stem. Sacculi occur in recent 
forms. Genera—d’Orhigny 
(1840), Cretaceous, Europe and Alabama (Fig. 
CXV.); sides of cup vertical or «^loping in¬ 
wards above; BP> about half height of RR ; 
radial facet small, hori/ontal, with small 
dorsal ligament - fos.sa ; IBcj laterally 

connected with adjoining rays, arms un¬ 
known ; proximale enlarged, circular; colum- 
nals of proximal region circular, widening 
upwanls ; those of midille and distal regions 
twisted, elliptical ; fulcral ridge continuous 
around axial canal, ligameTit-fo.saa broad and 
shallow; cirri rare excejit at root Meso- 
crimis^ 1\ 11. Carpenter (1881), Cretaceous, 
Sweden, Germany ; sides of cup slope out- 
warils ; BB short; radial facet large, slopes 
upwards to centre, with larger lig,ani(‘nt-foss;\ ; 
arms unknown; proximale small and circular; 
proximal cobiiimals circular, narrowing up¬ 
wards; the rest as in Biturtiwticrinn^ but liga¬ 
ment-fossa deeper ; cirn sometimes uumeroii'^. 
likizorrinusy M. Sars (18G4,-08; synn. Cuuo- 
crintufy d’Orb ; Ih^morrinmy Perr.), Eocene 
to Recent; Atlantic, 73 to (0 1900 fathoms : 
sides of cup slope slightly outwanls ; BB 
high, may be 7 times height of RR, often 
fused ; radial facet slofies upwards to centre, 
with small ligament - fossa ; IBi'j g free 
laterally, arms not forking; proximale thin 
and discoidal; proximal coluiiinals discoidal, 
those of middle region slender, fulcral ridge 
broken at axial canal, around which the 
ligament-foisa is concentrated (Fig. XLIX. 
7); no cirri except at root (Fig. CXVI.; see 



CXV I. 

lihi^ftcunvis lo/otfn 
North Soa, ahniit 
tw ire ?iat. ‘•i/e. (I’loin 

Ski iKti vf nj thi i i msi 

of II M.< 'Uholfni 

•II1 ") 
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also X., XXIII. 4). Family 3. Antedonidab. Piunata in which the 
patina consists of 5 small BB, not forming a closed circlet, and HR with 
large high muscle-plates and facet approaching horizontal ; cavity enclosed 
by RR is minute ; mouth endocyclic ; proximal Br loosely incorporated in 
cup ; columnals as in Bourgueticrinidae, but usually lost in the adult, ex¬ 
cept the proximale and adjoining columnals which fuse with one another 
ami with IBB to form a single ossicle, the “ centrodorsal,” which bears 
cirri; root when present, encrusting. O and x present in brephic stage, 
but not in adult. Sacculi almost always present. (See structural details of 
Antedon, Figs. IX., XV., XVIII. 2, 3, 4, XIX., XXX., XXXIII., XLVL, 
XLVII., XLIX. 8, 9, LIV, LV.) Genera —ThiolliericriyiuSy fitalloii (18o9), 
Jurassic and Cretaceous of Switzerland, France, and Portugal (Fig.CXVII.); 
scarcely differs from Mesocrinus^ except in the reduction of BB and 
presence of a cirriferous centrodorsal at the top of the fairly stout stem ; 
our knowledge of this most important form is due to de Loriol. The 
remaining Antedonidae retain the portion of stem below the centrodorsal 
only in the brephic stage, while their BB further diminish during geo¬ 
logical periods, their adcentral portions fusing into a small lO-rayed plate, 


Flo. CXYII. 

Thiollicricrt n <. 1 , /'. fl< > 
cMiji from Im>1o\v, jio hasals 
viAiblu (from Hrit. Mas 4'L’JJ*0 
•J, /' llilmnn, Utjui the bnU‘, 
•jho\Mn;; basaK ami facM'ls l«»i 
cirri (ioc(ji\8truct<‘<l from Ue 
I^oriol’H flj^iiros). ('D, oontio- 
tlorsal, still beann;,' facet ) 
lor attachineut to Hteiii. x 2 
<Iiam 


the “rosette,” which lies above the chamberetl organ, and in some 'Species 
of A)itedon is all that remains of BB. There is al&o traceable in the arms 
a gradual attenuation and, in many cases, increase of forking, with a 
partial or entire loss of calcified covering-plates. AnUdon^ de Fn'min- 
ville(1811; synn. Lcaoh ; Couiatuhi^ Lamarck, : Hihtrmday 

Fleming ; Phytocrinus, de Blainville ; Solanocrinu'i^ Ooldfuss ; Uyponome^ 
Lov(5n ; Oeocoma, Fraas non d’Orb. ; et alia\ Lias to Recent, almost all seas, 
littoral to 2900 fathoms. Arms fork once or more ; Amb usually present, 
especially on pinnules. The genus is divisible into 9 groups, differing in 
arm-structure and distribution. Eudiovrinns, P. H. Carp. (1882 ; syn. 
Ophiocrinus^ Semj>er won Salter), Ncocomiau f?) to Recent, Pacific and B. of 
Biscay, 60 to 900 fathoms ; differs from Aniedon only in non-forking of 
arms. Promachocriniis^ P. H. Carp. (1879), Pacific and South Sea, 70 to 
1800 fathoms; 10 RR, probably a persistent meristic variation from 
more than one species of AiUedon, Family 4. Atelecrinidae. Pin- 
nata with patina of 6 BB forming closed circlet and no rosette, 5 RR 
with high muscle-plates; arms fork once, lIBr long, with no pinnules 
on first 8 or 16; no stem, but acorn-shaped centrodorsal, with cirri 
alternating in 6 vertical double rows; sacculi present Genus — 
AfrUcrinwf^ P. H. Carp. (1881), Cretaceous (?) to Recent, tropical Atlantic 
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and Pacific (Fig. CXVIIL). Family 5. Actinometridae. Pinnata with 
dorsal cup and centrodorsal on the Antedonid plan, but differing in the 
following points:—Mouth exocyclic and gut much coiled, with con¬ 
sequent larger cavity between HR, small muscle-plates, and facet approach¬ 
ing the vertical; further asymmetry shown in unequal and variable 
tegminal food-grooves, and in occasional ungrooved structure of some 
posterior rami, which may be shorter than the rest and without podia; 
no sacculi ; no calcified Amb ; proximal pinnules have a terminal serrated 
margin—“comb”; centrodorsal discoid, with cirri few, almost limited 
to its margin, and sometimes atrophied. Genus —ActinometrUy Muller 


(1841, em. P. H. Carp., 1887 ; 



Fic. CXVIII. 

.llcla/iniiif (jfilanoii/cSf with two 
cm I partly j)n s«*rvo«l and ariiiH 
iniiierfect. (From A. AgaNtiiz, aftci 
P, H. Caqiciiter.) x 2 diam. 



Flu. CXIA 

Thoumitocnivis rrnoKitui, fiom the aoal 
aide. u(f, anal ap]X'nila;'e; an, interamlmla- 
crals; at, anal tube; h, baaal; b> 2 , aecond 
brachial; cd, centruduniul; i, lutei radial; r, 
radial. (After P. II. Cariieiiter.) x V. 


Plumofjenuiy Loven), Lower Jurassic to Recent, almost all seas, 
littoral to 800 fathoms. Divisible into 8 groups, differing in arm- 
structure and distribution. Family 6. Thadmatocrinidae. Pinnata 
with cup of 5 BB forming a closed ring, and 5 RR separated by 5 inter- 
radials resting on BB; Br not incorporated in cup ; arms do not fork; 
5 0, separated from cup-plates by relatively large iAmb; no Amb ; no 
sacculi; anal tube in post IR; post interradial followed by 5 plates 
in vertical series forming a free appendage (Fig. CXIX.). Genus— 
ThaumcUocrinttiy P. H. Carp. (1883), a unique individual, probably young, 
South Sea, 1800 fathoms. Differs greatly from all other Pinnata; the 
structure of the cup is as in Xenocrinui (p. 166), the anal appendage is 
paralleled in some Taxocrini (cf. Fig. XXXVIL). 
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Family 7. Eugeniacrinidae. Pinnata with patina of 5 RR only, 
BB having been overgrown by RR and absorbed by a continuance of such 
a process as produced the rosette of Antedon. RR united by close suture, 
often fused. IBro axillary, united to IBr^ by syzygy or fusion. Rami 
10, robust, incurving. Stem short; columnals cylindrical, high, with 
joint-surface granulate, or marginally striate; no cirri; root encrusting, 
lobed. All European (see de Loriol, 

1883, and Jaekel, 1891). Genera— 

Rugmiacrinus^ J. S. Miller (1821 ; syn. 

SymphytocrinvSj Konig ; Caryophyllites^ 

Auctt. pre-Linn.), Bathonian to Lower 
Cretaceous (Fig. CXX.). Patina cylin¬ 
drical or clove - shaped, with shallow 
depression for viscera ; radial facets 
separated by processes ; Tax rising above 
origin of IIBr into a 3-sided spine, 
which perhaps helped to support th(‘ 
tegmen; IIBr small. Torynocrinus^ 

Seeley (1866 ; synn. Cip focrinuSf Jack. ; 

^ Hcmicrinu^y d’Orb.), Upper Jurassic to 
Lower Cretaceous ; patina and proximale 
fused, the ventral surface bent to one side 
and bearing stout arms. Gammarocrinns, 

Quenst. (1858 ; syn. SclerocrinnSy Jack.), 

Upper Jurassic ; patina massive, concave 
below. GymnocrinnSy de Lor. (1879, cm. 

Jack., 1891); Upper Jurassic ; lax re¬ 
markably developed. Ph yllocn n us, d'Orb. 

(1849), Bajocian to Noocomian ; RR have 
small facets and long spines. Tormocrwv^y 
Jaek. (1891), Eocene, and Trigoiwcnnusy 
Bather (1889), Oxfordian, have very 
small radial facets, rounded spines, and 
a deei) tubular cup-cavity ; the latter 
differs in the loss and atrophy of certain 
rays. DolichocrinnSy de Loriol (1891 , 
syn. 2V#rt7iocriwt«, Jack.), Upper Jurassic ; 

RR form a tube 10 mm. long, 2*25 mm. 
wide, wuth interradial re-entrant angles 
at its base; the radial facets are of 
Bourgueticrine or Antedonid tyj>e, and if 
BB were present, as de Loriol supposes, the genus must be removed from 
this family. Family 8. Holopodidae, Pinnata with patina of 6 RR, 
usually fused, and enclosing a relatively wide cavity. BB presumably as in 
Eugeniacrinidae. 0 large, surrounded by a few iAmb. lax fused to IBr^ 
in adult, and supports stout, incurved, unbranching rami; no stem ; 
attachment by base of patina. No sacculi. The arm-structure led Jaekel 
(1891) to combine these forms with the Eugeniacrinidae. Genera— 

HoloptiSy d'Orb. (1837), Tertiary of Italy, Recent, Caribbean Sea, shallow 



Fif.. CXX. 

Ei((j(}i}amnv<t cnruophylluti'S, jjartial 
I'cconstructioi) (x 2 diam.), and in¬ 
terior view of a i)riiiiaxil(x 8 diani.), 
on which are seen the articular Ikcets 
(IIBr’) for the aecuudibrachs ; the 
latter are only partially known, other 
letters ns usual. (Based on the obser¬ 
vations of Jacket) 
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water (Figs. CXXI. and XXXIV.). Cyathidiwm^ Steenstnip (1846 ; syn. 
MicropocrimiSj Michelin), Uppermost Cretaceous to Miocene, Denmark 

and Italy. Family 9. Eudesicrinidae. 
Pinnata (?) with patina of 5 RR, enclosing 
funnel-shaped cavity open below, resting 
on a solid mass which may represent 
fused BB or a proximale. lax articulated 
to IBrj, and supporting 2 stout rami 
which abut on adjoining rami. Axial 
cords lie close to inner walls of RR. 
Genera— Eudesicrinua^ de Loriol (1882) ; 
and Coiyledei'TnUy Quenst. (1852 ; syii. 
GotylecrinuSy K. Deslongch.), both Lias. 
Jaekel would place these genera near 
the Plicatocrinidae ; they are usually 
referred to Eugeniacrinidae or Holo- 
podidac. 

Order 3. Dicyclica Camerata 

Adult IfnlofU's liiotgi, froin anterior ^ — UAAfPnATA W & do-vs^ 

(From A Agas^/, atte« P. H. Carpenter.) v "" VvAMERATA, W. & op. 2>a)S). 

Enlarged by one-tweltth. . 

Dicychca in which all IBr and usually 

IIBr are incorporated in the dorsal cup by iBr, at first loosely, but 
afterwards by close suture. IBB always the primitive 6. A plate 
always between r. and 1. post. RR, resting on post. B, and followed by 
others leading up to the anus. Mouth and ambulacra subtegminal. Arms 
pinnulatc. 

Family 1. Reteocrinidae. Dicyclica Camerata with RRand Br sepa¬ 
rated by supplementary plates irregular in size, shape, and arrangement, and 
forming depressed interradial area.s, the posterior of which is divided by a 
single vertical series of prominent plates leading from postB to the eccentric 
anus. Genus —ReteocrinMy Billings (1859 ; see W. & Sp., 1897), Ordo¬ 
vician, N. America (Fig. CXXIL); 2-3 IBr; about 6 IIBr, of which the 
pinnules, borne from IIBrg onwards, are also fixed in the interradial areas ; 
the pinnule borne by IlBrg is in some species represented by a ramus, 
partly fixed ; the rami may branch again after becoming free, and are 
uniserial or slightly in zigzag ; tegmen a low dome of minute irregular 
plates; stem jientagonal. Family 2. Dimerocrinidae. Dicyclica Camerata 
with RR in contact except at posterior side, with 2 IBr and a varying 
number of IIBr, separated by a large proximal iBr, which rests on 
shoulders of RR and supports 2 plates, usually followed by smaller 
ones merging into iAmb; post. IR wider, and its proximal plate (anal) 
supports 3 plates followed by others, and leading up to anus, which 
has no tube ; illBr usually present Genera— PtytEocrinuSy W. & Sp. 
(1885, em. 1897), Ordovician, N. America; arms fork twice, are slender and 
uniserial as in Bdeocrintu, OrthocnniiSy Jaekel (1895), Devonian, Germany; 
arms fork once, are free from lax, stout and uniserial. Dimerocrinu$y 
Phillips (1836 ; synn. OlyptoiUr and ThymnocnnxUy Hall em. W. & Sp., 
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1897 ; Eucrinus, Ang.), Silurian, Europe and N. America (Fig. CXXIII.) ; 
arms fork once or twice, are stout, biserial, and directed upwards. Cypho- 
erimcSf S. A. Miller (1892 ; syn. HyptiocnfiuSf W. & Sp.), Silurian, Indiana; 



Fi(.. C'XXII. 

Jietfocrinvs OneaUi, ajjtoiiurM*-\\ 
p pinnules; p, lixcd pjiiiiuie>, 
otuer lettPis as usual (Aftei 
WacliMUiutli A Spnnjrer.) a v. 


Fir.. CXXIII. 

/n/''> lioiu 

But. Mih. K «»707 ; seen Iiuiii pos. 
tetioi luttiuitlnis Mil, notlals of 
stern, x - «\i!Un. 


anus fork at least once, are stout, bisenul, and pendent, tlius exposing 
the tegmen which is spinous. Family 3. Lampterocrixidai:. Dicvclica 
Canicrata with a dor.sal cup in general structure like that of Dirnero- 


crinidae, but with asymmetry introduced by the 
development of an anal tube and conseipicnt 
bulging of III, and shifting of mouth anteriorly. 
All from Silurian, N. America. Genera — 
Lampterocrimcs, C. F, Roemer (18G0, W. vS: Sj)., 
1897); IBB large, anehylosed ; anal tube cen¬ 
tral ; arms supposed to be 5 rami bearing altcr- 
ntite ramules, hut are not known beyond lIIBi'j 
(Fig. CXXIV.). SiphonocrinuSf S. A. Miller 
(I888,em. W. & Sp., 1897); IBB small; rectum 
forms an asymmetric protuberance below, then 
curves subtegminally either to a central anal 
tube, or right across to an anterior opening at 
or even beneath the arm-bases. 

Family 4. Rhodocrixidae. Dicyclica Cam- 
erata with RR separated by a single distinct 
plate in each IR, followed by w'ell-defined iBr 
regularly arranged (some individuals of Lyrio- 



Fm. CXXIV. 


IxivijittrocriHus U nnesuensis, 
from )K>Ht«riur iiitcnadiuti. IB, 
fuswl infraltaKals ; Rj', oiionings 
of arm-canals into calyx. (ARcr 
C. F. Roemer.) x J. 


crinua have RR not quite separated, and 

some species of Didbolocrinus have not the single distinct interradial); 
the anal area is not always distinct, and but rarely has a vertical series of 


plates. IBr, 2, in all except the rather doubtful A nthemocriima. Arms free 
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above IIBr (except in Thylacocrinus ); illBr may or may not be present. 
The plates of the tegmen are small and usually irregular. The family 
begins in the Ordovician, probably as an independent development from 
Reteocrinidae or similar forms, and runs parallel to the Dimerocrinidac 
through the Silurian, but, unlike them, persists to Carboniferous times. 
There is seen in it an increase in definiteness of iBr, and the origin of 
biserial arms, which are usually isotomous but exceptionally bear ramules. 
Qenera— Rhavhanocrinus^ W. & Sp. (1885 ; syn. Coelocrinus, Salter), 


Ordovician, N. America, Gt. Britain, has 
and illBr. Archaeocrinus, W. & Sp. 
(1881), Ordovician, N. America, has 
Br in zigzag, numerous iBr more 
regular in arrangement, with no verti¬ 
cal series in anal IR (Fig. CXXV.). 
Diabolocrinns, W. & Sp. (1897), Oixlo- 
vician, N. America, has the largei 
and more regular iBr .surrounded by 
supplementary plates; the anus h 
at the end of a strong, subcentral tube ; 
the arms bear ramules. Lijr{ocri}n(,<^ 
Hall (1862 ; .syn. Marsiqnon'inu'tj Hall 
71011 de Blainv. iiec Pliill.), Silurian, N. 
America and England, has but 2 rami 



Awhncoa inus desidemtu^, fioiii ilu* U*lt 
posterior radius. (Dia"i-animatise<l from 
Wachsmuth & Springer.) x 


uni.'^erial arms and numerous iBr 



Ki(.. c.xxvi. 

Jhfiln ot'ntni$ Ir’diinioti (from Bnt 
Mus. K0642). .Seen from jiostPnor inter- 
radiiiH. Owni;:' to slight cnishina all 
live mfialMisah (IB) are seen, and the 
nlwence of a stem-facet may be noted. 
JSupi)leme«tary plates are shaded. The 
section of an arm with pinnules (p«) is 
alt»T Oeldert. X J. 


to each ray, biserial; iBr, 1 -f 2-f I, not always quite separating RR ; 
anal area usually of similar structure. W. & Sp. (1881). 

Silurian, Gotland, has only one IBr, and the first large iBr is followed by 
only 1 or 2 small ones ; the biserial arms fork 2 or 3 timea JHameno- 
crinusy Oehlert (1891, em. Jaekel, 1896), Devonian, France and Germany, 
has repeatedly isotomous arms, with Br in zigzag ; 6-8 IIBr, and a long 
narrow series of iBr. ThylacocrimUy Oehlert (1878), Devonian, France 
and New York (Fig. CXXVL), has arms fixed up to IllBr and sometimes 
IVBr, after which follow long unbranched biserial rami; supplementary 
plates occur between all fixed brachial series ; stem minute or (?) absent. 
Lahmeniocrinui, Tscheniyschew (1892,-93), Lower Devonian, Ural, 
appears allied to the preceding, but base and free orachials are unknown. 
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Rhipidocrinus^ Zittel (1879, ex Beyrich, MS.), Devonian, Germany, has 
stout uniserial rami giving off biserial ramuli on alternate sides. AcarUho- 
crin^iSy C. F. Roemer (1850, em. Jaekel, 1895), Devonian, Germany, does 
not differ greatly from the next genus. Rhodocrinus^ J. S. Miller (1821, 
restricted W. & Sp., 1881), Carboniferous and (?) Devonian, Europe and 



Fm.. oxxmi 


(Jilbfrfsocunus 1, o\ lf/o}wnu^ (=0\ disjxtnsus, W. A; Sp.), \entral view, showing the 
tegminal appendages and the proximal portions of the arms emerging from beneath them, 
a, C. <ul>crci<(osits, the apiiondages mostly bioken off, but more of the arms presen-ed. 8, G. cal- 

raratvs, showing how the appendages of the European forms are double where thejr issue from 
the tegmen. 4, G'. fifpus, {latina fioni Im*1o\v; ap, tcgimnal appendages; ap\ their points of 
origin, showing central canal; Jx, pnmaxil; Jir, pinnulate arms, which issue from the dorsal 
cupatfj)'. Other letters a.s usual. (All after Waclismuth & Springer.) x 3. 

N. America ; has a vertical series of anals ami isotomous arms, all the 
free parts of whicli or only the linials are biserial. Condyloci'intLS, 
Eichwald (1859, em. Tscliernyschew, 1893), Lower Devonian, Ural, 
differs, if at all, in iBr series, which runs—1, 1, 2, 3. OphiocrlniiSy 
Salter (1856 ; non Charlesworth, 7iec Semper, nec Angelin), Devonian, 
S. Africa, has numerous iBr and several illBr; IIIBr free and in zigzag. 
GilbeHsocrijutSj Phillips (1836; synn. Ollacrmns, Cumberland MS.; 
Go 7 iiasteroidocrinics, Ly. & Cass.; TreniatocrinuSy Hall), Devonian and 
Carboniferous, Europe and N. America (Fig. CXXVII.), distinguished by 
small pendent arms, and large, branching, horizontal, hollow extensions 
of the interambulacnil areas of the legmen, of uncertain function. 

Tlic following incorrect or Indeterminable Names may be added to those 
already quoted as synonyms or huxrtac sedis :— 

AdclocrmuSf Phillips (1841), Devonian, Britain, is probably syii. of either 
Hexacrinua or A7'lhraca7Uha (see Whidborne, 1899). 

AUioniat Michelotti (1861), syn. of Antfdon, 

AporoermuSy Austin (1842), is an Agelacriiiid, /ide label on A, gymtna in 
Bristol Museum. 

AspidocrinuSf Hall (1859), Silurian, New York ; encrusting root of a crinoid. 
AsUria^ Auett. vett., a Poiitacrinoid columnal { = Pe)Uacrinos, Agricola). 
AsteriaSf Linn, pars (1758); syn. of Afitedon and Actirumetra, 

AateriatUeSf Schloth. (1813); A, pcnivaius and A. rosaceus^ syn. of Antcdm, 
Aaterocrinus, Munster (1838), “aus dem Orthoceratiten-kalk boi Elbersreuth,” 
if a Crinoid at all, is an Iiiadunatc. 
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Astnoa, Troost, iiom. iiud. (1850) ; not known. 

Aatrocovia, do Blainville (1830); syn. of AnUdtni and Actiiwinclm. 

Astrocrinus, Cumberland (1829), WaclismuthA Springer, not known. 

Astrapodiaj Lllmyd et Auett. pre-Linn., for Crinoid arms; but Ui'C (1797) 
applied it also to various cui»-plate8, and Defrance (1819) to Apiocrinvs. 

Aiocrinusy M‘Coy (1844 or 1862), Carboniferous, Ireland ; referred to Platti- 
crimis by de Koninck & C. F. Roenier, to Cyathoenmes by Waclismutli 
& Springer. Tlie former probably right. 

Balanocrinuaf Troost, noni. nud. (ISfiO) ; syn. of Lampterocrinns. 

Bohcmicocrinns, AVaagen k .lahn (1899), Silurian, Bohemia; cii]> alone known, 
probably f \n'poc7'inus or JJf'smidocrinns ; RR .shaped much as in Larramho- 
a'inus. 

Cahuhci inus, ^Vaagcn k .lahn (1899), Ordosieian, Bohemia; like 'Paaocriin(i>y 
but apparently no anal between RU, and no anal ridge. 

Calocrintis, Steiuingcr (1849), Devonian, Kifcl. Dieyclic Inadunatc ; IBB fused , 
no anal ; perhap.s a Cf prrssocrinua 

Campanulitoi^ G. Troost, noin. nud. (1850). 

CcHtrocriaiis, Worthen (1890), Austin A : Meek k Woithen, hcc W . k Sp. ; 
?syn. of Gdzaci idus. 

Codo}LO€riHi(by'\'ioo»t, noin. nud. f 1850); .syn. ol yY<’ro/tK*r<n</.v, oy>Ji^fShumaid(1866). 

Coynatiilina, d’Oibigny (1852), Oxfordian, C. costafa = Solaiion’inus, Goldf., which 
is syn. of Antcdo/i. 

Comatnrcllaf Munster (1839); .syn. of Antnloo, 

Conoermus, Troost, nom. nud. (1850); syn. of Alfuprosallitcrinus^ opnd. . k Sp. 

CopJiinus, Murchison, ex Komg MS. (1839), Silurian, England. Impressions of 
stems. 

CnmcnaecrUiiiti, Tioost, noin. mid. (1850). 

Cuptilocrinns, d’Orb. (1850), ba'sed on ^ojphocrutus heterucostafis, Hall (1847), 
which is referred hy Wach.sniuth & Sjninger to Flexihilia Iinpinnata. 

Ci/jrrcssocrinus, a vaiiant and possibly preferable .si»elling of Cuprcssucnnua. 

CystocrimiSi C. F. Roomer (1860), Siliuiaii, Tennes.see. Stem only known, sec 
Fig. L. 2. 

DaemonocrinKs, Troost, nom. nud. (1850) ; syn. of Tto otoci inns^ Shumard 
(1866). 

Decaaumos, Broun ex Linck (1837); syn. of Aatedon. 

Decadactylw'i inua, D. D. Owen, nom. nud. (1843); syn. of JJrterornnua, apud 
Shumaid (1866). 

Decavieroa^ d’Orbigiiy ex Lmck (1850); syn. of Antedon. 

DiiiiorphicrinvSf d’Orhigny (1849), liased on Plalycrinna ))€HtmujulariSt Miller ; 
syn. of OrojfhocrviuSt p. 84. 

Dolidocrinns^ Troost MS., fide Hall (1858); I), ovnfis is syn. of Dichocrinxia 
simplex ^ Shumard. 

D(n\(u\xrinm^ Troost, nom. nud. (1850). 

EchinocrinuSt L. Agassiz, 1841, and T. k T. Austin (1842); not a crinoid, but an 
tc\\\\\oi(i = ArcluieorMaris, M‘Coy, 1844. 

Exnperocrmna, Miller k Gurley (1895), Silurian, Indiana; probably syn. of 
AfUhetnoanmis; but has 3 IBB, and was placed by its autlinrs with 
doubt in Taxocrinidae. 

Encrinos, Agricola (1558), a stem-fragment composed of FctUacrini or Aatcnae 

viipt'a), 

l/tdrochv8t Agncola (1558), a stem-fragment composed of Trochitae infra). 
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Oanymedaf J. E. Gray (1834); centrodorsal of AtUedmi^ apud L. Agassiz (1841). 

OaurocrinuSt S. A. Miller (1883), Ordovician, N. America ; referred by Wachs- 
muth & Springer part to Rticocrinus^ part to Plycliocrinvs. 

GlenotrcrnifeSy Goldfuss (1832), centrodorsal of Ankdon, 

Gyiathocrhms, T, & T. Aiustin, nom. nud. (1842). The genotype G. fusiform ts 
is proved by Austin s MS. drawings to be syn. of Millcncruius Pmtti. 

Goldfussut^ Norman (1891, non Castelnau, 1843), proposed for Comafula vel Com¬ 
aster mvltiradiata^ Goldf. non Linn., nee Lam., a quite unrecognisable form. 

GrammocrinuSf Eichwald (1859), Ordovician ; colinnnals incertac sedis. 

Halophenix *‘of our British Museum,” ./Wc Cumberland (18*26); syn. of 
Prntdcrinv^i, 

Helmintholithus entrochns, Linn. (1768) ; stems of variou.s Palaeozoic Crinoids. 

Ifelmintholtthusporfeutosus, Linn. (1768); syn. of Pentncrinus. 

llertha, v. Hagenow (1840); centrodorsal of Antedon. 

Icosidactf/locriaus, D. D. Owen, nom. nud. (1843) ; referred to Olijyfocrinus by 
Shuniard (1866). 

Kallispongia, Wright (1877) ; larva of Antedon. 

JConinckocrinus, Seeley, nom. nud. (1864) ; syn. of Torynocrinus And AcrcAiordn- 
crinus. 

Medusaerinus^ T. k T. Austin, nom. nud., fide Wachsmuth k Springer (1881). 

Microcrinus, Emmons (1858), Eocene, N. Carolina ; probably centrodorsal of 
Ateleerinns. 

MitroermuSy Miller k Gurley (1894), Ordovician, Tennes.see ; based on a six- 
rayed individual, probably abnormal, and a Peiiechocrinid or Carpoerinid. 

Pnchyanfrdoiiy Jaekel (1891), Upper Cretaceous, N. Germany. Based on impres¬ 
sion of stout arms, and a few cirri; Br and eirrals in zigzag. 

Paehyn-niuSy Eichwald (1840), Carboniferous. Russia; columnals only, in part 
a syn. of Plntycmnus (see j). 132). 

Pachyornnus, E. Billings (1859), Ordovician, Canada; founded on a single base, 
with no diagnostic features. 

PentagouitrSy Rafinesque (1819), based on pentagonal columnals, probably of a 
Hctcrocrinid. 

Perischodomus viagnus, Tormpiist (1894) ; syn. of Addoenuuy hystn'r, Phill. 

PetinocrhiuSy Hall (1859), (ieol. Iona, vol. i. Suppl. p. 49. Not seen. 

PhinlocrinuSy Eichwald (1860), Ordovician, Russia ; (‘ncrusting roots vith ridged 
under surface (see p, 133). 

Platyspkaeritcs, Trcnkner (1868), doubtfully cnnoidal. 

VroUur\jnl€y J. Muller ex C. F. Roemcr MS. (1855); syn. of Cylh\*crinvs con- 
finentinnSy Jaekel (1895). 

Pleroeomay L. Agassiz (1835); syn. o{ Antedon. 

Rhodocalu'y Trenkner (1868), doubtfully Crinoidal. 

ShumardoerhutSy Miller k Gurley (1895), based on imperfect sj^ocimens of 
Steganocrinus concinnns. 

SolacrinnSy L. Agassiz (1836), for Solanocrinus, Goldf. (1832), which is syn. of 
Antcdofi, 

SphenoerinuSt Eichwald (1856), quinqiiopartite columnals. 

tSycocrinnSt T. k T. Austin (1843); the authors' MS. drawings suggest that 
S, clausxia^Lagenioermust S. Jacksoni = CryptocrinnSy and S, anapepta- 
menos = Hypocrinus, 

iSyringocrinuSf £. Billings (1859), Ordovician, Canada ; stem of Dend^'oeystis, 

TtfmerinnSy T. k T. Austin, nom. nud. (1842, non Munster). Not known. 
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Tetmmerocrinm^ T. k T. Austin (1843); shown by labels and MS. to be syn. 
of Melocnnxf^ or Mariacrinus. 

Thalamocrixxvs, Miller k Gurley (1896), Silurian, Tennessee. Cup alone 
known ; like Bactrocrinus or Homocrinust without RA. 

TrianisUeSt Rahnesque, fide L. Agassiz (1841); not known. 

TriplaricrinuSf Goldfuss, MS. label for Hexticrinus peUerae/ormis, fidf. L. Schultzo 
(1867). 

Trochita^ Auett. vett., a round columnal with radiating striae. 

VUtavicrimiSf Waagen k Jahn (1899), Silurian, Hoheinia ; if monoeyclic, must 
be a Batocrinoid ; and if each Br bears more than one pinnule, is probably 
a Carpocrinid. 

Xtnoennxis^ Jahn (1892) non Miller; altered to Zeiikericrinus^ Waagen k 
Jahn (1899), Silurian, Bohemia ; based on nn imperfect cup, which does 
not differ from Mariacrimis (p. 161). 

A few of the Terms used by some other writers, and not previously alluded 

to, may be correlated with those of the present work :— 

Sxthradialia, dc Koninck and Americans=BB of Dicyclica. 

Svhradialet Jaekel = RA [and presumably all Ri] in Monocyclica Inadunata. 

Suhanrdct Jaekol = RA in Dicyclica Inadunata. 

Azygos j^lateSf Billings et alii = aiials in general, and RA in particular. 

Costal in Mnrsupitcs (J. S. Miller); IBB k BB in Dendrocrimts (Hall); 
BB in clearly dicyclic Inadunata and Flexibilia, and in Dimerocrinns 
(J. S. Miller, Hall); BB of all Crinoidea (Loven); Ri in Heteroci'imxs 
(Hall); IIR in Scyphoerinns, Lyriocrinns^ Macrosiylocriims (Hall); RR k 
IBri in monocyclic or pseudomonocyclic Camerata and Articulate (J. S. 
Miller, Hall); RR A IBr in Cladocrinoidea only (Jackel); IBr in all 
Crinoidea (Bather in earliest papers; Wachsinuth k Springer, 1897); 
iBrj in Eucalyptocrinus (Hall). 

Seap^ilOf J. S. Miller, Hall; Radiate artkulare^ L. Schultze, Zittel = the 
proximal plate in a ray tha^ has an articular facet for the arms, therefore 
may be R, IBrj, IBr 2 , or lAx. 

RadUdia^ Muller, Zittel; Primary RadialSy Wachsmuth k Springer (1879-81) 
= all plates in a ray up to first forking, i.c. R k IBr up to I Ax. 

Ptrachialia of Ist, 2nd, 3rd, etc. order, Muller, Zittel, Wachsmuth k Springer 
lieforc 1890 ; articles brachiatu^ de Koninck = free Br only. 

Brachudia^ Dihrachialia^ Trilnachialia^ Jackel = IBr, IIBr, HIP*- 

Braekialuty P. H. Carpenter, Ijefore 1890 = Finial8. 

Radialia distichalia or Distichalia^ Muller, Zittel, Waagen k Jahn; Second ary 
BmlialSy Wachsmuth k Springer (1879-81); Dicostalia, Jaekel = IIBr. 

Didiehaliat P. H. Carpenter (1879), Wachsmuth k Springer (1897) = IIBr., 
fixed or free. 

Pidmaria^ Huxley (1877), P. H.'Carpcnter (1879), Wachsmuth k Springer (1897) 
= IIIBr. 

PodpaZmaria of 1st, 2nd, 3rd, etc. order. Carpenter, Wachsmuth k Springer 
(1897)=IVBr, VBr, VIBr. etc. 

The corresponding terms for supplementary plates— InUrcodal^ Inter scapula t\ 

IiUerradial, ^InteraxUlary, Interdistichalf IfUerpalmar, and Interhrachial —have 

also been used in diverse senses. 


For LiUrature of Crinoidea see p. 211. 



CHAPTER XII. 


THE KDKIOASTEROIDEA.‘ 

CLASS IV. EDRIOASTEROIDEA, E. Billings (1854,-58; 

Huxley, 1877; and Bather, 1899) 

( = Thyroida, Chapman, 1860; Agelacrinoidea, S. A. Miller, 
1877-83; Worthen, 1883; CYSTASTEROlDEA,Steinmann,1888; 
F. Bernard, 1893; Thecoidea, Jaekel, 1895). 

Not divided into Orders. 

Pelmatozoa in which the theca is composed of an indefinite 
number of irregular plates, some of which are variously differen¬ 
tiated in different genera; with no subvective skeletal appendages, 
but with central mouth, from which there radiate through the 
theca five unbranched ambulacra, composed of a double series of 
alternating plates (covering-plates), sometimes supported by an 
outer series of larger alternating plates (side-plates or flooring- 
plates). Pores between (not through) the ambulacral elements, 
or between them and the thecal plates, permitted the passage of 
extensions from the perradial water-vessels. Anus in posterior 
interradius, on oral surface, closed by valvular pyramid. Hydro¬ 
pore (usually, if not always, present) between mouth and anus. 

Reducing the characters of the Edrioasteroidoa to their simplest 
expression, one may imagine a schematic type of the following 
nature:—A flexible theca of sack form, composed of numerous 
irregular, polygonal plates deposited in the integument, probably 
mth the stroma-strands between them still plainly visible (cf. 
Stromatoqftlis ); it would have a mouth in the centre of the upper 
surface, and would be attached by some indefinite portion of the 
lower surface; the anus, with its valvular covering, would lie on 
the upper surface, and there would probably be a hydropore 
between it and the mouth. So far this type would present primi¬ 
tive characters like those of the earlier Amphoridea, from which 
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one may suppose it to have been derived. But the structure and 
relations of the ambulacra, even in their least specialised form, at 
once remove the type from primitive simplicity, and place it on a 
road different from that traversed by other Pelmatozoa. The evi¬ 
dence suggests the existence of a circumoesophageal water-ring, with 
five perradial canals, and their associated nerves and blood-vessels, 
passing between or below the thecal plates, and underlying a 
ciliated food-groove, which was covered by an alternating series 
of movable plates (covering-plates = ambulacrals of Crinoidea, but 
probably not those of Echinoidea and Asteroidea). Pores between 
the plates lining or flooring the groove (adambiilacrals of Pelma¬ 
tozoa, but perhaps = superambulacrals of Asteroidea) penniite*! 
the passage either of podia or ampullae. In Cystidea, Blastoidea, 
and primitive Crinoidea, on the other hand, there was a free exit 
for the ambulacral organs only through the ])eristomc; in fact, 
Blastoidea and Cystidea present no evidence that they possessed 
perradial water-vessels and podia at all. 




Ki... n. 


ii<. 1. 

Stroiiuitoi if'lis pent'iHqt<foy II,, oral siiil.ir**. 
autiH; (>, jRTistomial pUti*s ; r/», 
platcH ; s.ji, sHlo-iil.itr'*; m, iiitoraiubul.ici.iU. 
(Rwv)ii-*tnictc*«l from rumiw'C'kj’rt Ii^'Uivh.) 
enlargeti. 


('if'h’sler giiimihifos, from jmM- 
lorioi, *>110^111;^' oi.tl smfiu’rt iii jht* 
T!i** tuu Ifll-haml ia>s 
iPlani tlip winch aio 

|i».t (rum the utliur.'*. as 

111 Fi^. 1 (J{i'ruiistnu‘ti‘il lium Hall’s 
tti{urrs.) X S iliam. 


The primitive sack form did not long persist, but the follow¬ 
ing characters were, as a rule, impressed upon it: a sessile habit, 
the consequent assumption of a circular, flattened form, the differ¬ 
entiation of the up[)er and under surfaces, the development of 
marginals or concentric frame-plates, and the tendency to increase 
the food-gathering surface by spiral coiling of the ambulacra in 
either sinistral or dcxtral direction. According to the varied extent 
of these several modifications, the Edrioastcroidea are divisible into 
3 families—Agelacrinidae, Cyathocystidae, Eilrioasteridae. But 
to these must be added a fourth, Steganoblastidae, in which the 
development of a short stem was correlated with greater concentra¬ 
tion and regularity of the thecal elements. 
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Family 1. Agelacrinidae. Ednoasteroidea with a theca composed 
mostly of thin plates, flexible, attached temporarily or permanently by 
the greater part of the aboi al surface ; with ambulacra confined to the oral 
surface. Genera— Stromatocysiisj Pompeckj (1896), Cambrian, Bohemia, 
seems to have had a somewhat flexible theca of non-imbricate plates 
(Fig. L). Rays straight and extending to the margin, imposing on the 
theca a subpentagonal outline ; composed of stout and long alternating 
side-plates, along the outer margins of which are i)ores [for jjodia ?] 
while along their inner margins is a groove, protected by minute 
covering-plates. Four large and many small plates [moditied side- and 
covering-plates] surround and cover the mouth. Interambiilucials hex¬ 
agonal, united by stroma-strands. Under side of theca comiiosed of 
irregular plates, without evidence of stroma-strands, and larger towards 
the middle. The animal was probably sessile on its under surface, but 
perhaps not fixed permanently. Oystcister^ Hall (1872, T/iccot j/.sYi'I, J.ik.), 
Ordovician, Ohio, is also primitive (Fig. II.). Theca sac-like, composed of 



mMm 


Aijf'hf 11 hniiiiHntt* uny. m.il Ninr.U'** 

mm, iiiaii-'MiaN, cniisi-.!m;: nf tin* 
interiKil (Oftnd tin* sin.ill eNlfiii.il (»), U, 
lit*. OIIhm as 

1m Ioi«*. (Allvr Hall.) X ] 



tjludoib^cus ml' oial sliil.irc. 

.as lM'f«)H*. (AUcr Hall ) x\ 


minute plates, not ahvays attached (?) ; rays straight, composed of alternat¬ 
ing covering-plates supported on side-plates ; no hydropore observed. 
Hetnicystis^ Hall (1852), Ordovician and Silurian, N. America and 
Bohemia, shows an advance on Cyatastcr in the imbrication of the 
thecal plates, and their ditferentiation into larger interambulacrals, 
and a zone of smaller marginal.'s. This leads on to Agelacnnus 
and its allies Streptaster and Lepido(UmiSy all which are characterised 
by the curvature of the rays, sinistrally, dextrally, or both, by the 
elaboration of the marginal zone, and by their flattened sessile habit, 
being usually attached to brachiopod shells. The type-species of 
Afjelacrinus is the Devonian A. hamiltonenm^ Vanuxem (1842), (Fig. 
III.), in which the anterior and two left-hand rays curve sinistrally, 
the two others dextrally ; the interambulacrals are large, non-imbricate, 
and radiately ridged; there is a border of large plates, with an outer 
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border of small plates. LepidoductUf Meek & Worthen (1868), Ordovician 
to Carboniferous, has imbricating interambulacrals and a border of small 
imbricating plates; plates forming the floor of the ambulacra, and a pen¬ 
tagonal internal frame around the mouth, have been described by Miller & 
Faber (1892), but more details are needed ; Hall figures right posterior 
ray as dextral, and the rest as sinistral (Fig. IV.); other arrangements 
may obtain, but the rays adjacent to the anus always curve towards it. 
The Devonian HaplocystiSf C. F. Roemer (1856), is known from an internal 
cast, apparently proving that the ambulacra w^ere floored by a single 
row of plates [? fused adainbulacrals], between the edges of which were 
pores [for passage of podia]. The Ordovician Strepiaster, Hall (1872), 
has all its rays sinistral. THscocystis^ Gregory (1896), based on Echino- 
(lUciis optatMf Worthen & Miller, is doubtful. 

Family 2. Cyathocystidae. Edrioasteroidea with the theca composed 
on the oral surface of five deltoids surrounded by marginals, but below 
of a fused solid mass of stereom, with irregular longitudinal sutures ; per¬ 
manently attached by the aboral surface as by an encrusting root ; 
ambulacra confined to oral surface. Genus— CyaOwey^iSy Schmidt (1880), 
Ordovician, Esthonia (Fig. V.), is not far removed from Stromatocystis and 
CysiasteTy but the trend of its evolution is quite away from that of either 
Edrioaster or Ayehxcrinus, Upper ambulacral surface of theca bordered 
by a pentagonal frame of 40 marginals ; rays straight, with a single 
series of covering-plates; five larger plates cover the mouth. The 
minute plates that formed the theca of Cystaster are here fused into solid 
masses ; thus there arise between the ambulacra 5 large A, and below the 
marginals a massive cup, fixed to some foreign body by its base, and 
occasionally marked by obscure longitudinal sutures, irregular in number 
and position, but never more than 5. Anus, with pyramid of 5 plates, 
lies between a A and the adjacent marginals ; no hydropore observed. 

Fki. V. 

t'ynOifirjfstia rinutinae. 1. two 
niiUviiliialH growing on a (inbole of 
rolleil coral, and hwii from the side. 
(After Schmidt.) Nat. size. 2 , 
oral surface. As, arms; A, inter- 
ntnbnlncrRls fuse<l into deltoids; 
turn, marginals; c.p,covering-plates, 
inrtly removed from the posterior 
rays exposing fp, which are not a 
distinct series of flooring-plates, 
as represented, but ledges project- 
ing from the nnder aide of the 
deltoids. (Diagrammatised froiu 
Hclimidt.) X 3 diam. 

2 

Family 3. Edrioasteridak. Edrioasteroidea with flexible theca com¬ 
posed of thin plates ; attached, if at all, by a small central portion of the 
excavate abend surface; ambulacra pass on to aboral surface- Genera— 
AeiiocystUy Miller & Gurley (1894), Ordovician, Kentucky, has a sub¬ 
pentagonal theca, with height two-thirds the width; rays wide and straight, 
with large covering-plates ; interambulacrals non-imbricate. Podial pores, 
madreporite, and abactinal surface unknown ; but the genus appears to 
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connect this family with the more primitive forms of Agelacrinidae. 
Edrioasterf Billings (1858), Ordovician, Canada (Fig. VI.), also includes 
** Agelacrinites Buchuuius” Forbes (1848), from Wales. Theca about half 
as high as wide, depressed slightly at oral pole. Rays curved, all or 
some siiiistral or dextral, passing on to under surface of theca ; ambu- 
lacral groove floored by alternating plates [? adambiilacrals], between which 
were pores [1 for podia]; with covering-plates, i,e. ambulacrals, over 
the groove. Interambulacrals non-imbricate. Under-surface of theca 
excavate, its central region composed of a flexible membrane set with 
minute imbricating plates, and in a frame of about 11 large plates. 
Whether the animal was attached by the central part of this membrane 
is doubtful; immediately round the centre tliis is evaginated in five lobes, 
apparently caused by tlic ])res.sure of some internal organs [/gonads], 



Fiu VI. 

EdrK^uiUr liigsht^i, 1, oral surface, with coverinK-l>lates (nmb) on tl»u auteiior and left 
autorioi grooves, but reiiiove<l from the others, which show only the side- or flooniig-plates 
(fuZ), between which are pores (/)). The greater iwit of the subpentagonal ponstome (jw) is 
roofed by enlarged (•o^er^ng.pl}ltes. ui, interanibiilacnils, one of whicli is .a inadreponte (ill). 
2 , section across the Mime specimen through the right aiiteiior ladius and left posterior 
interradius. The covering-plab*s are lemoved except just over the peristome, and in the am¬ 
bulacrum seen in section on the left. /, fnum* of stouter plates ; m, membniiie Mith imbricating 
plates, thrown into five lobes (/) 3 , section .across an ambulacrum, witli plates t>i situ 

covering ventral gioove(i’(/). Dotted sui faces are the natural edges of the plates, ruled surfaces 
are cut througli th« plates. (All slightly diagrainmatiscU from a siiecimen belonging to tlie 
Oanadian Geological Survey.) 1 and 2 are nut. size. 

which must have aci^uired pentameroiis symmetry. Dinocysti^iy Bather 
(1898), Uppermost Devonian, Belgium, has a slighter frame on the aboral 
surface, and the surrounding region comj)osed of a thin flexible integument 
containing narrow imbricating ossicles ; otherwise like Edrioaster, 

Family 4. Stsoanoulabtidae. Edrioasteroidea, with a rigid theca 
composed of plates relatively larger and thicker tlian in other families of 
this class ; these include elements comtiarablc to the RR and BB of 
Blostoidea; BB attached to a stem, probably short; ambulacra descend 
into the radials. (Jenus —Stegamblastusj Whiteaves (1897, originally 
described as Astroajstites, name preoccupied), Ordovician, Canada (Fig. 
VIl.). The remarkable resemblance to Asterohlustiu^ insisted on by its 
founder, suggested the reference of Steganohlastua to the Protoblastoidea 
(Bather, 1899); but tlie ambulacra are now known to have essentially 
the same structure as in Ednoaster^ while the absence of brachioles may 
be maintained with confidence. Theca piriform, its plates strongly marked 

14 
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with axial folds, aud consisting of: BB (5 ?, sutures not clear); RR, 6, 
alternating with BB, and receiving the distal ends of the ambulacra; 
interambulacrals, one large one and an uncertain number of smaller ones, 
in each interradius ; 5 slightly-pitted plates of spear-head shape, stretching 
up between the ambulacra to the oral pole and simulating 0 of Crinoidea 
or A of Blastoidea, but perhaps being only proximal cove ring-plates. 
The anus pierces one interambulacrum, and slightly disturbs the 
pentamerous symmetry of the theca. From the mouth 6 ambulacra 
stretch about half-way down the theca ; the adambulacrals (side- or 
flooring-plates) appear almost anchylosed, but the pores between them 
are very clear, and one can trace the original median line of suture ; 
the ambulacrals or covering-plates were stout, at least in the proximal 
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SteganoUasttt$ ottnmieims, blightly rPHtored from the typc-Hj^ecniiens, anil X 3 tUnm. 1 , 
oral surface; 2 , from I. radius, adanibulacials or side-plates; amb, ambulacrals 

or covering-plates, mostly removed ; As, anus suriomidpil by small plates; Ji, basal; lit, large 
nierlian interradial; U, 6 orals or proximal ambulacrals; p, ]tores between side• platea; J!, 
railial; St, fragment of stem. 


regions, where they seem to have combined with the spear-head plates to 
form a solid roof over mouth and food-grooves. Stem small, round, with 
lumen less than half the diameter. Fifty years ago Steyanobloitus would 
have been described os a generalised or synthetic ty{)e, with Cystid, 
Blastoid, Crinoid, and Asteroid aflinities ; it is simpler to regard it 
as a specialised Edrioosteroid, in which features common in stalked 
genera of other classes have been evolved independently under similar 
conditions of existence. 

Gyclocystoides^ Billings and Salter (1858), Ordovician of N. America 
and Britain (Fig. VIII.), probably belongs to this class, though not to any 
of the recognised familiea It is liardly well enough known to make 
the type of an order as yet A ring of stout ossicles, more regular than 
that seen in Agelacrintu and EdrioaiUr^ forms a frame between which are 
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stretched tvro thinly plated membranes, rarely preserved. The dorsal 
membrane contains irregular non-imbricating plates (Milter & Faber, 
1892). The plates of the ventral membrane (apjtd J. Hall, 1866) were 
delicately reticulate, and arranged in 
numerous rays passing from a central 
pyramid of minute plates [mouth?]. 

Eccentrically, between two rays, is an 
oval opening [anus ?]. Outside the 
frame is a border of smaller plates 
as in Agelacrinus. The animal was 
not permanently sessile [but could 
probably fix itself like a limpet]. 

The classificatory position here 
assigned to the Edrioasteroidea 
is not that usually accepted !)y 
zoologists, although many have Fh.. mil 

given them equal, nearly equal. 

riT* pill.<1^1 ot*v VT.liiP ot tHUi'', iiixi, liiittti.’ of iiuii- 

or greatei ciassincaioiy \aiue ti... ot ti.t* Hoornu'. 

under various names (see heading, OHouj-h iiu*umi's. ^ uis.*.! ..n 

AiTL . MiUvr A: F.iImo ; otli'-ivusp iht* i> 

p. 205). Whatever may eventu- coimhi hom. iraii. % > •. 
ally prove to be the value of the 

characters insisted on in the present work or in others, even if 
there be traced a closer connection \vith Diploporita than is as yet 
apparent, the Edrioasteroidea can never he thought a less distinct 
or less homogeneous group than, say, the Blastoidea. The zoologi¬ 
cal importance of the Edrioasteroidea is another reason for raising 
them to this position. Many zoologists, e.g, Forbes, Billings, Neu- 
mayr, Steinmann, have regarded them as connecting either the 
Echinoidea or the Asteroidea with the Cystidea. On the hypothesis, 
ever becoming more probable, that all eleutherozoic Echinoderms 
are descended from some ]>elmatozoic ancestor or ancestors, then 
the Edrioasteroidea are alone among Pelmatozoa in presenting a 
type of ambulacrum from which the holothurian, stellerid, and 
echinoid types may readily be derived. 
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CHAPTER XIII. 


ELEUTHEROZOA—^THK HOLOTHURIOIDEA. 

GRADE B. ELEUTHEROZOA. 

Class I. Holothurioidea. 

„ II. Stelleroidka. 

„ III. Echinoidka. 

Echinoderma in which the theca, which may be but slightly or 
not at all calcified, is not attached by any portion of its surface, 
but is usually placed with the oral surface downwards or in the 
direction of forward locomotion. Food is not conveyed by a 
subvective system of ciliated grooves, but is taken in directly by 
the mouth. The anus when present is typically aboral and 
approaches the mouth only in a few specialised forms. The aboral 
nervous system, if indeed it be present at all, is very slightly 
developed. The circumoesophageal water-ring may lose its connec¬ 
tion with the exterior medium; the podia (absent only in some 
exceptional forms) may be locomotor, I’espiratory, or sensory in 
function, but usually are locomotor tube-feet. 

As explained on p. 33, the genetic affinity between the three 
classes now to be dealt with is not so obvious as that between the 
classes of Pelmatozoa. Some writers have taken the Holothurioidea 
to be the most primitive class of Echinoderms, or at least to be 
>videly separated from the Stelleroidea and Echinoidea. Without 
denying a largo measure of truth to such statements, it is here 
maintained that all these three classes bear the impress of a Pelma- 
tozoic ancestry. And, though they arose from the Pelmatozoan 
stem, probably at different periods, and possibly from different 
branches thereof, yet the trend of the evolution of each was in the 
same direction—a direction opposed to that of the Pelmatozoa. 

At any rate the plain facts set down in the above definition 
are conveniently connoted and emphasised by the adoption of the 
term Eleutherozoa, whatever be the precise systematic value attached 
to it. In discussing the Eleutherozoan classes, the order followed 
is from the more primitive to the more specialised. 
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CLASS 1. HOLOTHURIOIDEA, C. T. v. Sikbold (1848)i 

(= Fistulidks, Lamiirck, 1801 ; Scytodkrmata, Burmeistcr, 1837; 
Ascidiastella, T. & T. Austin, 1840; Sc ytactinota, Bronn, 
18G0). 

OuDER 1. Actinopoda. 

„ 2. Paractinopoda. 

Eleutherozoic Echinoderms nornmlly elongate along the oro-anal 
axis, which axis and the dorsal hydropore lie in the sagittal plane 
of a secondary bilateral symmetry. The calcareous skeleton, which 
may be entirely absent, is usually in the form of minute spicules, 
sometimes of small irregular plates with no trace of a calycinal or 
apical system; to these is added a ring of pieces radiately arranged 
round the oesophagus. Ambulacral appendages bike the form of: 
(1) circumoi*al tentacles, (2) sucking-feet, (3) papillae; of these (1) 
alone is always present The gonads are not radiately disposed. 

The Holothurians have long been known to man. Many of 
the common forms are large and conspicuous animals, which are 
frequently caught in the dredge or thrown up on our shores. It 
is generally supposed that these are the marine animals to which 
Aristotle gave the name of okoOovpiov^ from which their present 
scientific name has been derived. Pliny, mentioning a species of 
Cncumaruiy calls it Cuenmis marimis, or sea-cucumber, a name often 
applied to Holothurians at the present day. 

Belon, in 1553, first described a Holothurian, recognising some of 
its affinities to the sUrfish and sea-urchins; and Kondclct, two years 
later, gave some figures of two species. Bohadsch, Pallas, Fabricius, 
Cuvier, and others increased our systematic and anatomical know¬ 
ledge of this group during the later part of the eighteenth century. 

In 1816 Tiedemann published an excellent account of the 
anatomy of Ilolothuria inhulostf, Gmcl. (12), and since then the 
study of the structure, development, and classification of the class 
has been greatly extended by a large number of naturalists, amongst 
whom one may mention A. Baur (1), Selenka (7), Semper (10), Joh. 
Muller, Metschnikoff, and Kowalevsky. Within recent years the 
finer anatomy and histology of Holothurians have been studied by 
0. Hamann (3), H^rouard (4), Cu^not, and many others, and their 
embryology by Selenka (7), Semon (9), and Bury (2). Our 
knowledge of that most interesting group, the Elpidiidae, dates 
almost entirely from the publication by Th^el of the Report on 
the collections made during the Challenger Expedition (11). The 
family Pelagothuriidae has only lately been described by H. 
Ludwig (6) An admirable and comprehensive treatise on the 

1 By E. S. Goodrich, M.A. 
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\.—lfolothuria forskali, 1). (’h , ojiotuHl aloiij? the rijjht side <if the iiio<hau “ilorsal" line; 
the blood'VascuUr Rystem li not ropresenteil; 2.-—lieft si<le view ; nnd a.—Antenor view. 

4. —Calcareous ring of H. fonhah . the anterior ends are turned inwards. 

5. —Diagram of the water-vascular system of H./orsKalt, illustrating the Actmopod plan. 

0.—Larva of a Holothunan. (After Baltour.) 7.—yinnoidarui larva; and 8.—Barrel- 

shaped larva of Synnptn du/itato. (Both after Semon ; cf. Chapter VIII., Figs. III. A XVII.) 

9. --Portion of the intestine with the accompanying blood-vessels and rete inirablle of 
Holothuria ftibidotra. (After Tiedeinann.) 

10. — Left side view of A nkyroderma nJKm^ Dan. and Kor.; nnd 

11. —Spicules of the same. (After Daiiielsseii and Koren.) 

«, anus; an, anchor; o.v, antl-iiiesenterial blood-vessel; 6r, brim ; c.h, ciliated band: c.c, 
circular water-vascular canal; cl, rectal **cloaca" ; e.o, Cuvieriaii organs; c.t>, collateral blood¬ 
vessel ; d.vuis, dorsal mesentery; g, gonad ; i, intestine; i.p, intenadial piece; ld.r, left doiaal 
radius; l.v r, left ventral radius; Ir.t, left respiratory tree; m, mouth; md, madreporite; skr, 
median ventral radius; tH.r, mesenterial blood-vessel; o(, otocyst; p, podium; p.c, podlal 
canal: pp, papilla; v.v, Polian vesicle; r.ec, radial canal; rtl, spatulate rod; r.d^r, rtsht aortal 
railius; re,rete inirautle; r.p, radial piece; r.r.t, right respiratory tree; r.v.r, rigiit ventral 
radius; ae, stone-canal; ip, spicules; (, tentacle; t.a, tenucle ampulla; U, tentacle canal: 
r, oesophagus. 
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structure, development, and taxonomy of the Holothurioidea has 
recently been written by the same author (5), to whose works the 
present account is greatly indebted. 

As a typical example of the Holothurioidea the common Cotton 
spinner, Holothuria forskali, Delle Chiaje (H. nigra^ auctt.), may be 
taken. It is about 20 cm. long, almost cylindrical in shape (Fig. I. 2), 
pale yellowish-brown beneath, and black above. The “ventral” 
or lower surface is covered with closely set retractile podia, by 
means of which the animal creeps along (2, j?); the lateral and 
“ dorsal ” surfaces are covered with small and large conical papillae 
(2, pp). The five “radii” running longitudinally from mouth 
to anus are scarcely distinguishable on the outer surface; there 
are two dorsal radii (bivium), and one median ventral, and two 
lateral ventral radii (trivdum). Near the anterior end the body- 
wall is produced into an irregular brim (2, b '); beyond this the 
animal terminates in a smooth pale-coloured area, in the centre of 
which lies the mouth, somewhat ventral in position (2 and 3, m). 
Surrounding the mouth is a sot of twenty semi-retractile tentacles 
(2 and 3, /). When in a state of contraction the brim closes 
over the retracted tentacles and mouth. The anus is situated at 
the posterior pole of the animal. 

The body-wall of Holothuria is thick, tough, and leathery. 
Externally a thin transparent cuticle covers the epidermis, which is 
not ciliated, and is composed of a layer of columnar cells, with 
scattered gland cells and sensory cells. The thick underlying cutis 
is formed of connective tissue cells and numerous fibres lying in a 
homogeneous ground substance. Wandering cells are found in the 
cutis, while the greater part of the pigment is in its outermost layer. 
Below the cutis is the layer of circular muscles (Fig. II. 5, c.m) ^ 
interrupted at the radii, except immediately round the anus, where 
it forms a sphincter muscle. A paired band of longitudinal muscles 
runs along each radius from the posterior end of the animal to 
the anterior (Fig. 11. 1 & 5, Ltjji) ; here it is attached to the radial 
plate of the calcareous ring to be described beloAv. Internally the 
body-wall is lined with ciliated coelomic epithelium. 

The skeleton of Holothuria fm'skali consists chiefly of calcareous 
spicules, knotted or branching rods, and perforated discs (Fig. II. 
6, jS), secreted by connective tissue cells and forming a thin 
layer in the outer region of the cutis, especially on the papillae and 
ambulacral appendages (podia and tentacles). Spicules may also be 
found in the connective tissue throughout the l^y, and they are 
very numerous in the wall of the stone-canal and madreporite. A 
large perforated plate is situated at the extremity of each podium. 
A ring of ten calcareous pieces surrounds the oesophagus; the five 
radial pieces are notched and larger than the interradial (Fig. I. 4). 

^ This Sgure refers to the allied species Holothuria iuiuXota^ Omeliu. 
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The nervous system consists of a “ superficial ” ring surrounding the 
mouth and giving off five radial nerves which run backwards to the 
posterior end. The tentacles and viscera are supplied by nerves 
from the ring; the podia by branches from the radial nerves. The 
ring and the radial nerves are sunk below the surface, and lie on 
the inner side of the cutis. An epineural canal lies outside the 
radial nerves. Following each radial nerve on its inner surface is 
a small “ deep ” nerve, from which are supplied the muscles of the 
body-wall (Fig. II. 4). 

The water-vascular system consists of a circular canal sur¬ 
rounding the oesophagus behind the calcareous ring, and giving 
off five radial canals (Fig. 11. 5, c.c and r.c\ Each radial canal 
passes forward between the calcareous ring and oesophagus, and 
then outwards, through the notch in the radial piece, to the body- 
wall ; it then runs backwards below the radial nerve. The radial 
canals send off a branch on either side to supply a pair of tentacles, 
each tentacle being provided with a long ampulla freely projecting 
into the body - cavity (Fig. 1. 5, and Fig. II. 5). A Polian 
vesicle is attached to the circular canal in the left ventral in- 
terradius. Branches are given off from the radial canals in the 
body - wall to supply the podia and papillae; small ampullae arc 
here present. A twisted stone - canal lying in the median dorsal 
line loads from the circular canal to a m^reporite, pierced >vith 
many small apertures, and lying in the body-cavity at the anterior 
edge of the dorsal mesentery (Fig. I. I and 5, s.c and Did). 

The alimentary canal is looped (Fig. I. 1, i, and Fig. II. 1), 
coiled in the direction of the watch-hand as viewed from the anterior 
end, and supported almost throughout by a mesentery attached to the 
body-wall. The mouth leads into a wide oesophagus, which narrows 
on passing backwards out of the calcareous ring. A scarcely dis¬ 
tinguishable stomach succeeds the oesophagus and passes into the 
long intestine, which finally ends in a recUil “ cloaca ” opening at 
the anus. The oesophagus, stomach, and part of the intestine 
form the first region of the alimentary canal, running backwards 
and supported by the median dorsal mesentery. Near the hinder 
end of the body the intestine and mesentery cross over from the 
dorsal interradius to the left lateml dorsal interradius, up which 
they run. Near the anterior end this second section of the 
intestine, with its mesentery, crosses to the right ventral inter¬ 
radius, down which the third and last portion of the intestine runs 
straight to the anus. Round the oesophagus, bounded externally 
by the calcareous ring and the radial canals, a portion of the coelom 
is incompletely shut off from the general body -cavity (Fig. 11. 
5, pr); connective tissue strands run across it from one wall 
to the other. The enlarged rectum, or cloaca, is fastened on all 
sides to the body-wall by muscular strands (Fig. I. 1, cl). 
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Fio. U. 

1.—Trans\er»e section of one of the llolothuiiiiae. (Modified from I.uduig and Lang.) 
ft.—Transverae section of Uie body-wail of Ifolothvna ivijxitung, For^kfil. 

8.—M) “ table ” and (II) “ hiHcint ” siiiciile of the same. 

4.~Tran.sverMe section of the radiu-s of an Actiiiopfxl liolotiiuriaii. (After I^n^ ) 

6.—Left side view of the anterior region of Holothuriu tnhulosd, Uintd., from wlilcli the 
left side of the IxHly-wall baa been removal 

0.—(A) perforated disc, and (li) branching rod Hpicule of IhAothimn fonkuH. 
o, ainnulla ; a.i\ anti-niesenterial blood-veesel; b, ** biscuit’*Hpiculo ; b.(, i>loo«l-\eMHel; h.v>, 
body-wall; e, coelotn ; f-ar, culcareouii nng: r.c, circular canal; r.ep, coeloniic epithelium ; r.vi, 
circular niuacles ; r.p, p^xlial canal; cf, cutis ; tLinen, dorsal mesentery ; <l.n, ileep nerve; ep, 
epidorniia ; ep.c, epineuml canal; fj, gonad ; g.d^ genital duct; g.p, genital porn ; i, intestine ; 

left dorsal radius; l.m, lon^tudinal muscles; hmes, left iiieHenteriHl; f.r.f, left respira¬ 
tory tree ; l.v.r, left ventral radius ; vul, tiiadre|N>rite ; ni.r, median ventral radius ; w.r, ineseii- 
tarUl blood-vessel; p, podium ; p.r, pseudhaenml canal; n.n, podiul nerve ; )>r, ]H^ripliarynge.'il 
coelom ; p.v» polian vesicle ; r.c, radial canal; r.d.r ,right dorsal ladins ; i.vujt, right mereuterlul 
fold; r.r.f,rightrespiratorvtree; r.v.r, right ventral radius; ».n,superficial nerve; f, tentacle ; 
t.a, tentacle ampulla; ta, table" spicule in 2. 


off numerous side • branches ending blindly in tufts of slender 
twigs (Fig. L 1, IrJ and r,rJ), Comins; off from the base of the 
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left respiratory tree are a large number of long slender pro¬ 
cesses, the Cuvierian organs (Fig. I. 1, c.o). These remarkable 
organs, formed of spirally coiled fibrous tissue covered with a 
layer of modified coelomic epithelium which secretes a sticky 
substance, are shot out of the anus through the wall of the cloaca 
by the living animal when irritated. The organs swiftly elongate, 
forming adhesive white threads, to which this Holothurian owes its 
name of Cotton-spinner. 

The blood-vascular system consists of a circular vessel round 
the oesophagus, giving oft* five radial vessels which run between 
the water-vascular canal and the p.seudhaemal canal, covering the 
radial nerve internally. The anterior region and genital organs 
are supplied from the circular vessel. The alimentary canal is 
provided with two longitudinal trunks coming from the circular 
vessel—one, the “ dorsal or mesenterial vessel, runs along the 
region where the mesentery is attached to the intestine; the other, 
the ventral or antimesenterial, runs along the alimentaiy canal 
on the opposite side (Fig. II. 1 and 5, m v and c.r). A cross 
vessel passes from the mesenterial vessel on the first region of 
the intestine to the antimesenterial vessel on the second region. 
In connection with the mesenterial vessel (especially along the 
second region of the intestine) is an extensive and rich plexus of 
blood-vessels, the rete mirabile, overlying the left respiratory tree 
(Fig. I. 9). Blood lacunae extend in the walls of the alimentary 
canal, respiratory trees, gonads, and other {Xirts. 

A closed pseudhaemal system extends over the inner surface 
of the nerve ring and radial nerves. 

The body-cavity forms a continuous coelomic spfice lined 
throughout by epithelium, which is generally ciliated. 

The sexes are separate in this species. The genitfil organs consist 
of a bunch of tubes, with free blind ends lying in the coelom, and 
uniting at their base to open into a duct running forwards in the 
dorsiU mesentery (Fig. II. 1 and 5, g and (j,d). The geniud duct 
opens by a median dorsal pore behind the tentiicles (5, g.p). 

Variation in the Holothurioidea. — In outward form the 
more specialised and highly modified genera depart very widely 
from the elongated and somewhat pentagonal shape which appears 
to be the more primitive. In organisation, however, this group is 
fairly constant, and clearly defined from the other classes of Echino- 
derma. The epidermis is not ciliated in the adult. The body-wall 
is remarkable for its thickness and leathery consistency, the cal¬ 
careous skeleton being rarely in the form of plates or scales, and 
more often as minute spicules of various shapes (there is no apical 
system of plates). When these spicules are of difterent kinds they 
generally form distinct layers in the cutis—as, for instance, in 
Heiidhuria impatienSf where the tables ’’ lie on the surface, whilst 
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the biscuit’’ spicules are disposed in a thick inner layer 
(Fig. II. 2 and 3, to, 6). The spicules are deposited by cells in 
the cutis, and develop first as small rods which become branched 
at each end; by the increase of the number of branches and their 
repeated fusion arise the innumerable varieties of spicules found in 
different species of Holothurians. These calcareous bodies are of 
great value to the systematist in classifying the smaller groups, 
such as genera and species.^ Although their general characteristics 
are fairly similar within the several families, the different shapes 
of spicules are not sufficiently constant to bo used as diagnostic 
characters of such large divisions. 

Very characteristic of the Holothurians is the calcareous ring 
formed of radial and interradial pieces surrounding the oesophagus. 
Occupying the same position as “ Aristotle’s lantern ” in the Echi- 
noids, it may possibly be homologous with that organ. 

A well-developed muscular system is present in the body-wall, 
whereby the animal ciin move and alter its shape. The longitudinal 
muscles, generally paired radial bands, often form special retractors 
for the withdrawal of the anterior region of the body. In the 
Synaptidae alone the circular muscles are not interrupted at the radii. 

Although the nervous and water-vascular systems are ilistinctly 
built acconling to the pentagonal radiate Echinoderm type, yet the 
latter system is generally modified in relation to the very frequent 
differentiation of a dorsal surface occupying the three upper interradii, 
and of a flattened ventral surface or creeping sole occupying the 
two lower interradii. The ambulacral appendages, the podia, may 
become modified from typical sucking-feet into pointed impillae. 
Either the tube-feet or the papillae may extend over the entire inter¬ 
radial space. On the other hand, both tube-feet and papillae may bo 
absent (Molpadiidac, Pelagothuriidae, and Synaptidae), and even the 
radial canals may disappear in the adult (Synaptidae). The oral 
tentacles, so characteristic of the Holothuiians, arc no doubt modified 
ambulacral appendages homologous with the podia. They vary 
greatly in number and shape, and are of great taxonomic value, 
being almost invariably more or less peltate in the Holothuriidao and 
Elpidiidae, arborescent in the Cucumariidae, and digitate or pennate 
in the Molpadiidac and Synaptidae. 

The Polian vesicle is usually single, and situated in the left 
ventral interradius; but there are sometimes more than one. The 
stone-canal, generally single, lies in the median dorsal mesentery. 
Although in some of the Holothuriidae, Elpidiidae, and Peiago- 
thuriid^, and in the larvae of other forms, the stone-canal retains 
its opening to the exterior in the median dorsal line, in most Holo¬ 
thurians this condition is modified, in that the primitive madreporite 

^ The stnicture of the spicules is liable to alter during the lifetime of the 
indifidual (Herouard, Mitsukuri, Ostergren). 
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(lisjippears, the connection with the body-wall is lost, and the canal 
opens by a new madreporitc into the body-cavity. In some species 
numerous accessory stone-canals and madreporites may be developed 
(Fig. II. 5, md). 

The disposition of the organs in the radius, as seen in transverse 
section, is distinctive (Fig. II. 4). The superficial radial nerve is 
se|)arated from the epidermis by the thick cutis and a space 
(cpineural canal). The deep radial nerve is separated from the 
ambulacral radial canal by a pseudhacmal canal and the radial 
blood-vessel. Over all lies the longitudinal muscle internally. This 
arrangement r<jsembles most that found in the Echinoidea. 

The alimentary canal and the mesentery which supports it have 
the dextral coil characteristic of Echinoderma, as described above 
for llolothuilit (p. 221). 

The respiratory trees, organs quite peculiar to this class, are by 
no means of uni\crsal occurrence, being absent in the Elpidiidae, 
Pelagothuriidae, and Synaptidae. It is interesting to note, however, 
that in certain of the Elpidiidae the rectum is provided with a 
caecum, which may represent a vestige or a rudiment of the respira¬ 
tory trees (Fig. 111. 10, coe). 

The Cuvierian organs (p. 223) appear to be modified branches 
of the rt‘spiratory trees. 

The llolothui ioidea arc distinguished from the remainder of the 
Echinoderma by the structure of the genital organs. These always 
consist of a single, or of a right and left, tuft of tubules leading into 
a common duct, which runs in the dorsal mesentery and opens to 
the exterior in the median dorsal line near the anterior extremity 
of the body. There is no axial organ or sinus, and no trace of 
radial structure in* connection with the gonads (see p. 24). 

As a rule, the geniUil pnxiucts are shed in the sea, where fertilisa¬ 
tion and development Uike place. Itiirely, as in Chiruhta rotifera 
(Pourt.) and Phiflloplwni^ urmt (Grube), the young develop in the 
boily-cavity of the parent. Brood chambers are formed in Psoliis 
ephippifer (W. Thomson) and some species of Cwiumiria. 

A total and almost equal segmentation of the fertilised egg leads 
to the formation of a ciliated blastula and gastrula, from which is 
developed the characteristic Auricidaria larva (Fig. I. 6, 7). The 
free-swimming Aumidaria has an alimentary canal provided with a 
mouth and anus, and the cilia are restricted to a single large 
circumoral biind and a small adoral band within the mouth. The 
archenteron now gives rise to the hydro-enterocoel, opening by the 
primary stone-canal at a pore a little to the left of the median 
dorsal lino. Later the circumoral ciliated band becomes greatly 
folded, and then converted into the circular ciliated rings of the 
barrel-shaped larva or pupal stage (Fig. I. 8). The mouth shifts 
to the anterior pole, round which are developed the tentacles as the 

15 
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first apponilages of the watcr-vascular system. The radial canals 
and podia (when present) are now formed, and the young Holo- 
thurian assumes the adult form. Karely the Auricularia stage is 
omitted, the ciliated gastrula developing more or less directly into 
the barrel-shaped larva. 

Very little is known of the e.vtinct Holothurians. Some spicules 
have been found, many of which belong to the Synaptidae, in 
deposits ranging from the Carboniferous to Tertiary strata. 

With advancing knowledge the Classification of the Holothurians 
has undergone many changes since it was first attemi)ted at the 
beginning of this century. It now appears to be firmly estiddished 
on deep-seated structural characters. In 1815 Oken di\idcd the 
few species then known according to the shape of the body, Avhilst 
soon after Lamarck made use of the tenUicles as a taxonomic 
character, a system afterwards perfected by (Jrube, who founded 
the family Aspidochirotae for forms with peltate tentacles (Holo- 
thuriidae), and Dendrochirotic for forms with arborescent tentiicles 
(Cucuniariidae). Cuvier and others followed Oken, taking into 
account the occurrence and distribution of the ])odia; and ilrandt 
divided the IMothniia into Pedatae with podia, and Apodcs 
without podia. Selenka, in 1867, following Jaeger, formed the two 
orders Pneumophora and Apneumona, the first for the modern 
Holothuriidae, Cucumariidae, and Molpiuliidae, provided with re¬ 
spiratory trees or lungs,” the second for the Synaptidae without 
“lungs.” Th(!*el adopted the orders Apoda and Pedata, adding the 
order Elasipoda for the newly discovered Elpidiidae. Ludwig has 
clearly shown that the classifications founded on the mere presence 
or absence of podia or of respiratory trees are artificial; first, 
separating off the Synaptidae, which differ in important respects 
from all the other familic.s, as the Paractinopoda, he divides the 
remainder of the Hololhtirians, the Actinoi)oda, into five families, 
as shown in the following table :— 


Order I. Actinopoda. Ihidial canals sup¬ 
plying tentacles and jiodia 

A. With i-espiratury trees. 

(a) With podia, 

(b) AVithout jKxlia 

B. AVithout rc«*j)iratory trees. 

(а) AATith j)odhu 

(б) AVithoiit j)odia. 

Order 2. Paractinopoda. Neitlier nulial 
canals nor podia. Tentacles 
supplied from circular canal. 


/Fam. 1. Holothuriidae. 

\ Kam. 4. Cucumariidae. 
Fam. 5. Molpadiidae. 

Fam. 2. Elpidiidae. 

Fam. 3. Felaoothuriidae. 


Fam. Synaptidae. 
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Order 1 . Actinopoda, Ludwig. 

The live radial canals of the water-vascular system, springing from 
the circular canal, supply the tentacles and podia (Fig. I. 5). 

Family 1. Holothuriidae. Body more or less flattened ventrally 
to form a creeping sole. Mouth generally somewhat ventral in position. 
Spicules chiefly in the form of tables, rods, and perforated plates. Cal¬ 
careous ring of five radial and five inter radial pieces. Ambiilacral 
appendages present in the shape of tul)e-feet, papillae, and jxdtato tentacles 
(generally twenty), llespiratory trees well develojicd. Sun -Family 1. 
Synallactinae. No tentacular ampullae. Stone-canal single, and joine<l 
to the body-wall. No rete mirabile. Genera—A. With genital tuWs 111 
a right and left bundle— Pseudosticho^ius^ Theel; Paeloj^atides^ Theel; 
Meseres^ Ludwig; Synallacte.% Ludwig; Bathxjidotes^ (3stergi-en. B. 
Genital tubes in a tuft 011 llie left side only— Mesothuna, Ludwig. 
Sub-Family 2. Holothuriinae. Well-developed tentacular ampullae. 
Stone - canals often numerous, and wdih comple.K madreporites not con¬ 
nected with the body-wall (exc. Jfolothuria lactea). The left re.^^piratory 
tree is enveloped in a vascular net^'ork, the rete mirabile. Cuvier’s 
organs often present. Genera—A. With genital tubes in a tuft on the 
left side only— Muclleria, Jager, mostly tropical ; Labidodt uir Seleiika, 
tropical; Holothuria^ Linn., to which genus belong the Britldi Cotton- 
spinner described above (p. 220), and H, ediiliSy one of the kinds of edible 
Trepang. B. With genital tiilies in a right and left tuft— Stichopiis, 
Brandt. 

The Holothuriidae are characterised not only by the possession of well- 
developed respiratory trees, and of from fifteen to thirty peltate tentacles 
(formed of a thick stem branching at its extremity), but al.^o by the 
absence of retractor muscles, and of auditory vesicles. The tulie-feet and 
papillae may be in double radial rows, os in LabidodemaSy in several rows, 
as in Stich^uSj or scattered, as in Holothuria, The calcareous ring is 
generally composed of short, compact pieces; it appeal’s to be alisent in 
Paelopatides and Synallactes, The anus in Pseudostichopus is situated in 
a deep vertical furrow, whilst in Mudleria it is surroundal by five 
point^, calcareous platea The longitudinal muscles are in paired bands, 
except in Pseiidogtichopiis. 

The Holothuriinae are a w’ell-differentiated group distinguished by 
the possession of large tentacular ampullae projecting freely into the 
body-cavity (Fig. II. 5 , f.a), internal madreporites ( 6 , wd), and a vascular 
plexus surrounding the left respiratory tree. The Synallactinae, on the 
other hand, 81*6 in many respects intermediate between the former 
sub-family and the Elpidiidae. The absence of tentacular ampullae, 
and of the rete mirabile, and the presence of a single stone-canal con¬ 
nected with the body-wall and probably retaining its primitive opening 
to the exterior, are all characters uniting the Synallactinae to the 
Elpidiidae, with which they have indeed been classified ((Jstergren). 

Family 2. Elpidiidae. Body generally flattened ventrally. Mouth 
more or less ventral Tentacles, ten to twenty, more or less peltate. Ventral 
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tube-feet and dorsal papillae present (exc. Ccii)lieira). Often auditory 
vesicles on the radial nerves. Stone-canal single ; inadreporite frequently 
opening to the exterior. Respiratory trees al)sent (or rudimentary). 



Fio. III. 


1. —I^ft side view of Dcima I'ahdinn^ Thc*el. (After Tlitel.) 

2. —Ilyoiliwvioii maculatnSf Tli. (After Theel ) 

3. —(A) C*sliai>ed npicule of lli.; (13) wheel of Vanny^'kia moseUyi^ Tli.; 

(C!) four-arinetl spicule of Elpidia riquUt, Tli. (After Th^el.) 

4. —Peniagotte Tii. (After Tlicel.) 

G.^Ptychropotes'longuahda, Th. (After Tlu*el.) 

6.—Ventral view of KlpuUu glfu'iali$, Th. (After Tli^el.) 

7 and 8.->Side view and oral view of Vdagothuria natatrir, Ludw. (Modified ftroni Ludwip:.) 

9. —Section through the uiodreiionto and genital papilla of Jlyotiaanon niaculatui, Th. 
(After Th6el.) 

10. —Portion of the intestine and rectal ** cloaca/' with its caecum, of Denthodyten 
mnguinoUnta, Th. (After Ludwig.) 

a, anus; br, brim ; b.w, body-wall; d, rectal “ cloaca” ; eoe, caecum ; d, disc : d.o, dorsal 
appendage; g.d, genital duct; g.h, genital aperture ; g.p, genital papilla ; i, inteKtine ; m, 
mouth ; op, opening uf pore canal; p, tube-foot; p.c, pore canal; jtp, papilla ; pr, anterior 
process; r, ray of the disc; creeping sole; s.c, stone canal; t, tentacle. 


Calcareous ring of five or ten piecea Spicules various, frequently in the 
form of wheels and four-rayed spiculea Sub-Fahilt 1. Pbychropotinae. 
Body surrounded by a brim. Mouth quite ventral Dorsal papillae 
nsn^y small Tube-feet small, as a rule on the three ventral radii. 
Calcareous ring incomplete, the interradial pieces being represented by 
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small spicules. Genital tubes in a right aiid left tuft. Genera— Psychro- 
ircphes^ Tlieel; Eiphronides^ Tlidel; PsychropoteSj Theel, Fig. III. 5 ; 
Jientho(hjte.% ThM. Sub-Family 2. Deimatinae. Mouth sub-ventral. 
Papillae large and numerous. Tube-feet large, generally only on the lateral 
ventral I’iidiL Calcareous ring of five radial and five interradial pieces. 
Genital tubes in a right and left tuft. Genera—A. With a row of large 
papillae above the lateral ventral podia. Median ventral podia rudinientai y 
or absent. Twenty tentacles— Deima, Theel (Fig. III. 1); Oneirophanta^ 
Th('*el; Orphnurfju.% Theel; Scotodnma^ Ludwig. B. Without a distinct 
row of lateral ventral papillae, fifteen to twenty tentacles. ‘Wheel 
spicules— Laetmogonc, Theel; Ilyodaemon^ Theel (Fig. III. 2 ; Pan- 
?i?/c/tta, Th(^*el; Oap/icim, Ludwig. Sun -Family 3. Kliudiinae. Mouth 
generally sub-ventral. Pajiillae usually few and large. Podia only on 
the lateral ventral radii. Calcareous ring of five radial ])ieccs. Genital 
tubes in one or two tufts. Genera—A. With ten tentacles— Parclpidia^ 
Theel; Elpidia, Theel (Fig. III. 6); Scotojdfuics, Theel; Kohjcf^ Dan. 
and Koren; 7rpa, Dan. and Koren; Peiufgone^ Theel (Fig. III. 4) ; 
Scotoana}iS(iy Theel. 13. With more than ten tentacles— Achhjonice^ 
Theel ; Enijpniastes^ Theel. 

The Elpidiidae are a deep-sea group of wonderfully diverse outward 
form. The body is generally fiat or even concave vent rally ; it is often 
produced along its lateral edge into a brim, which may l>e posterior (as in 
Scotoplanes\ anterior (as in Elpidia puipurca^ Theel), l)Oth anterior and 
posterior (as in Scotoanassa\ or all round (as in the P.<ifrhrupotina€). 
The moutli may be (piite ventral, and some way Miind the anterior 
edge of the body (Fig. HI. 5). The .anus is terminal, (lors.al, or ventr.al. 
Tube-feet occur on the ventral r.adii only, .and are often remark.a'ole for 
their large size and paircnl arrangement (Fig. III. 6\ re.sembling the feet 
of a segmenttxl animal. The dorsal papillae also may l)e distinctly 
paired and very large (Fig. III. 1). Peculiar posterior dorsal appendages, 
sometimes of huge size (Fig. III. 5), are developed in Euphronides and 
Psijehropotes. Somewhat similar anterior appendages occur in Pentagone 
(Fig. III. 4). These outgrowths of the body-wall are often supplied with 
right and left canals from the r,adial, water-vascular system. The most 
characteristic spicules are C-shaped, four-armetl wheels (Fig. III. 3), 
and perforated plates. The calcareous ring is generally but slightly 
developed ; in the Elpidiinae the five radial pieces only are represented 
as single-branched .spicules. Auditory vesicles or otocysta are sometimes 
situatc<l in the Elpidiinae along the circular and radial nerves, but chiefly 
along the lateral ventral radii. Of great interest is the relation of the 
stone-canal to the body-wall in this family. The primitive condition in 
which it opens by a single pore in front of the genital aperture is found 
in Elpidia (some species), Kolga^ and other genera. In some forms, e.g, 
Laetmogone and Ilyodaemon (Fig. III. 9), it opens by a number of pores to 
the exterior. The external opening has boon lost in IrpUy DenthodyteSy 
and others, the canal opening to the coelom, but l)eing .still connected 
with the iKxly-wall. Tliere are no retractor muscles, and no Cuviorian 
organs. Although the Elpidiidae differ from the preceding family by the 
generally simple, unpaired structure of the longitudinal mu.scles (p. 224), 
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and the absenco of well-developed respiratory trees (pp. 222, 225), yet 
they are undoubtedly closely related to them, and more especially to 
the Synallactinae, 

Family 3. Pelagothuriidae. Body cylindrical, and produced at the 
base of the crown of tentacles into an umbrella-like disc, drawn out 
into long slender rays. Mouth and anus terminal. No podia ; branches 
of the tentacle canals extending into the rays of the disc. No retractors 
and no respiratory trees; a single stonc-canal opening to the exterior. 
Right and left tufts of genital tubes. No calcareous skeleton. Genus— 
Pelagoihuriay Ludwig (Fig. III. 7 and 8), represented only by a remarkable 
free-swimming Holothurian, Pelarjothuria natalrixy recently discovered in 
the Pacific. The thirteen to sixteen tentacles are forked and beset with 
papillae, and the disc is produced into a corresponding numl>er of rays, 
each containing a branch of the tentacular canal. These rays may repre¬ 
sent the modified tentacular ampullae of the Holothuriidae; or the disc 
may be derived from the anterior brim, which occurs in the two preceding 
families. The five radial vessels are normally developed, in spite of the 
absence of podia. The longitudinal muscles are in simple bands. Neither 
calcareous ring nor calcareous spicules are developed. 

This highly modified form undoubtedly belongs to the Actinopoda, 
since there are radial canals, and the circular muscles are interrupted 
at the radii. The absence of respiratory trees, and of free tentacular 
ampullae, and the simple longitudinal muscles remove it from the Mol- 
l^adidae; whilst the fiiist of these charactei-s, combined with the al>senco 
of podia and retractors, separate it from the Oucumariidae. With the 
Elpidiidae, on the other hand, it has many characters in common, such 
as the single stone-canal opening to the exterior, the simple longitudinal 
muscles, the absence of respiratory trees, and the reduction of free ten¬ 
tacular ampullae and the calcareous ring. Pelagothuriay therefore, is 
prol>ably a free-swimming form derived from an Elpidiid ancestor. 

Family 4. Cucvmariidae. Podia generally tube-feet only and no 
papillae. Mouth and anus terminal or dorsal Tentacles eight to thirty, 
branched. Tentacle ampullae rudimentary or absent. Madreporite in¬ 
ternal Calcareous ring of five radial and five interradial pieces. Re¬ 
tractor musclesw Longitudinal muscles generally simple. Respiratory 
trees well developed. Cuvierian organs rare. Right and left tufts of 
genital tul)ea Spicules chiefly rods and knobbed, perforated plates. 
Genera—A. With distinct creeping sole. Ventral podia restricted to 
radii — ColochtruSy Troschel; Psolidiumy Ludwig; Theeliay Ludwig 
(Fig. IV. 10); Ptoluiy Oken (Fig. IV. 8). B. Without distinct creeping 
sole— Thyonty Oken (Fig. IV. 11); Orculay Troschel; Phyllophoruiy Gnibe ; 
all with scattered |mdia (generally). With podia more or less restricted 
to the radii; Cucimariay Blainville (Fig. IV. 1, 2, 3, 4, and 6; Pi&udo- 
cucumti, Ludwig ; Adtnocucumis, Ludwig; Echinocucumiiy Shn; Sph'^.ero- 
thuriay Ludwig (Fig IV. 9). C. Fla*.k-8haped, with mouth and anus close 
together —RiMpalodinay Gray (Fig. IV. 7). 

The Cucumariidae are distinguished by the possession of delicate re¬ 
tractile arborescent tentacles (Fig IV. 3 and 4). Frequently the two 
median ventral tentacles are smaller than the others (Fig. IV. 3), as in species 




I. ^Cucumdria pentartn <liinn.)i opened along the right of the median dorsal line; tlio 
right respiratory tree has been cut siiort. 2.—Spicule; S.—Oral view; and 4.—Ijeit side viea 
or the same. 

5.—Inner view of a retracted C. jtrntnrU-f, from which the tlorsal region of the liody-wall 
has been removed, and the viscera extracted, to show the action of the i^tractor muscles. 

C.—Portion of the calcareous ring of Onfffa trwm, Ludw. (After Ludwig.) 

7. —Diagrammatic drawing of UhoftnUniina tagfnifi*}'7ms, Dray. (After Lang.) 

8. —'* Dorsal" view of I*mu» anUirvtu'u* (Philippi). (After Th^el.) 

9. —Left side view of Sphnerothvria biUntacvlnUtf Ludw. (After Ludwig.) 

10. —7’AMfi'a nmttvtatrix, Beil. 

II. —nyoN€/Msii«(0. F. Milller). 

rt, anus; a, r, anti-ineseiiterial blood-vessel; h.w, body-wall; co.r, calcareous ring; c.e, circular 
water-vascular canal; cl, cloaca ; a, gonad; g.d, genital duct; g.p, genital pore; i, intestine; 
i.p, InterradiAl piece, l.d.r, lefr iforsal radius; T.r.r, left respiratory tree; I.r.r, left ventral 
niulus : m, mouth ; ia.r, meiUan ventral ratlins; m.r, mesenterial blood-vessel; p, podium; 
p.v, Milan vesicle; r.c, radial canal; r.cf.r, right dorsal radius ; r.m retractor muscle; r.p, 
radial piece ; r.r.t, right resptiatory tree; •. creeping sole ; ac, stone canal; t, tentacle. 
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of Cucumaria and Psolns; in other crises several tentacles may he small, 
and these may even form an inner ring surrounded hy an outer ring 
of large tentacles, as in Phtflhyphorus and Pseudociicumis. The stone- 
canal may be single or multiple. Five powerful retractor muscles, reach¬ 
ing from the Ixxly-wall to the radial pieces of the calcareous ring 
(Fig. IV. 1 and 5, r.rn), serve to invaginate the anterior n^gioii of the body 
so as to withdraw the mouth and tentacles out of sight (Fig. IV. 5). Tlie 
hody-w’aii in the anterior region is thinner and often devoid of podia 
(Fig. IV. II). Every stage is exhibited lM‘tween the arrangement of the 
podia in a double row along the radii, as in (U(cu)naria •pcntactn 
(t’^ig. IV. 4\ and their distribution over the interradial an a^, as in Thytme 
fasns (Fig. IV. 11). In Theelia they are nearly, and ^n Psolnn entirely, 
reduced on the “dorsal” surface. This is correlatisl nith tin* develo])- 
ment of a very distinct cree])ing sole, to which the ixidia an* restricti‘d 
l^Fig. IV. 10 and 8;. In the.^ genera the calcar(‘ous dejJOsUs 111 the dorsal 
region form large jdates or scales; live triangular so-callerl “oral” jdates 
close over the introverted anterior region, and small jdate^* may surround 
the anus. In Culorhirus and Actinocnnnnis somewhat similar valves are 
cleveloped in front. Although the spicules may be in the form of large 
])erforated plates, .sometimes protluced into ‘'lunes, as in Sjihaerothuria 
hitentaculata^ Ludwig (Fig. IV. 9), they are more usually rods or knobbe<l 
buttons and plates (Fig. IV. 2). 

The calcareous ring in the Cucumaiiidae is very well developed, the 
]ueces being large, and frefpiently made up of several plates fitting 
together. The radial segments, to which the retractors are attached, are 
generally prcKluced backw’ards into two long }>rocessc*s (Fig. IV. 6). A 
moie or le.ss ]»rouounced bilateral .symmetry is often brought about by 
the unequal development or fiu^ion of the pieces. Cm ierian organs 
Iiave been de.'4crilK‘d in Cucumaria frondom and C. nifjrtcans. The genital 
tuft.s are paired, .and l'*ad into a duct which n.siially ojieiih to the exterior 
on a papilla within the circlet of tentacles (Fig. IV. 1 and 3, f/.p). 

In Sphacrothuria (Fig. IV. 9) the doi-sil snrf.ice is rciduced, the 
mouth and anus being ajq)roxiinate<l and the \mitral railii much curvcnl ; 
this proce-'S is carried to .111 extreme in the extraoiilinarv genus Pho- 
palodina (Fig. IV. 7), where the IxkIv has .a.‘sMimed a fla.^k-.'^hape, the 
mouth and .anus are close together at the small end, while the r.adii are 
bent round. This appearance misle<l the early oWreel’s, who described 
Rhopnlodina as having ten radii. 

Whilst the Cucumaiiidae resemble the Holothuriidae in the possession 
of w'ell-developed respiratory trees, they ditfer markeflly from all tlie 
])receding families in the sliape of the tentacles and the jiresence of 
retractor muscles. 

Family 6. Molpapiidae. Neither tube-feet nor papillae. The 
posterior region generally tapering. Mouth and anus terminal. Generally 
fifteen simple or digitate tentacles. Tentacle ampullae well developed. 
Calcareous ring of five radial and five interradial pieces. Single stone- 
canal with an internal madreporite. Longitudinal muscle bands more 
or less paired. Respiratory trees present; Cuvierian organs rare, 
(icnital tulies in right and left tufta Genera—A. AVith well-developed 
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retractor muscles ; tentacles digitate— Molpadia, Cuvier. B. Retractors 
absent or rudimentary — Eupyrgus^ Lutken ; Haplodactyla, Grube ; 
Cundiim, Stimpson ; Trochostomcij Dan. and Kor. ; Ankyroderwa, Dan. and 
Kor. (Kig. I. 10\ 



1!«.. V. 


I. -Left sulo view of Sjfnniitn diffitnfo, Moiit. 

‘J - The saiMo npenc<l up to llie ri^jUt of the ineamn “dorsal " line. 

« of the wat«»r-vascular system of .s’, titijituta illusti-atmg the Paractinopod plan. 

■\ -Ciliated tinis; and 

• -Tiaiisv erse section through tlie radius and otocysts of 5. digiiaUu (After Cu^not.) 

«• - Anchor ami anchor-plate «>f .s. (htfifoto. 

7 -Wheel of Mat loti ocA its J!i nkti, Steenstrup. (After Danielssen and Koren.) 

o, anus ; au, anchor ; <111 ;i, anchor-plate; l.v\ body-uall; i-.c, circular canal; c.e, coelomie 
epithelium ; o.m, circular muscles; c.n, ciliated urn; dorsal mesentery; e.s, epineural 

smus ; j7.p, genital pnio ; i, intestine ; i g, left gonad ; wi, mouth ; wes, ineKcntery ; *i, nerve ; 
0 I', otocyst; oe, oesophagus ; 0./, otolith ; jxs.c, ikseudhaeinal canal; r, rectum ; r.fli, right gonad ; 
r.isM, right nicMentiMml fold ; r.n, radial nerve; s.c, stone-canal; .»(, stomach ; (, tentacle ; (.c, 
tentacle canal; v.lm^ median ventral longitudinal liiusclc. 


The Molpadiidae are rounded forms, with generally a tapering, tail¬ 
like, posterior end. The tentacles are simple processes, or of lob^ or 
digitate shape. Their ampullae are large and free, except in Eupyrgu${T), 
There are no podia, unless they be represented by the anal papillae. As 
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in the preceding family, the calcareous ring is well developed, often 
bilaterally symmetrical, and with radial pieces strongly fork^ behind. 
In Trochoatoma and Ankyrodemia the stone-canal is still connected with 
the body-walk Cuvierian organs have been described in Molpadia 
chilenais^ J. MitlL The calcareous spicules are very similar to those of 
the Cucumariidae, except in Ankyrodemia^ which has peculiar anchor-like 
spicules (Fig. 1. 11), somewhat resembling those found in Synapta 
(Fig. V. 6). Trochoatoma has red calcareous deposits. 

The presence of retractor muscles, the structure of the calcareous 
ring, and the general anatomy of the Molpadiidae indicate their close 
relationship to the Cucumariidae. 


Order 2. Paractinopoda, Ludwig. 

The five radial canals ha^ e disappeared in the adult. There are no 
tube-feet or papillae, and the tentacles arc supplied directly from the 
circular canal (Fig. V. 3). 

Family, Synaptidae. Body cylindrical and elongjited. Mouth and 
anus terminal. Tentacles pennale or digitate. Tentacle ampullae small 
or rudimentary. Calcareous ring of five radial, and frequently more 
than five interradial, pit'ces. One or more internal madreporites. 
Auditory vesicles on the radial rierve.<<. Circular miLscles uninterruiited 
at the radii. Longitudinal mii.scle.s as a rule unpaired. Neitlier respira¬ 
tory trees nor Cuvierian orgnns. Ciliated lunnels on the coelomic epi¬ 
thelium. Genital tubes in right and left tufts, often hermaphrixlite. 
Calcareous spicules as wheels, anchors, etc. Genera—A. Spicules various ; 
no wheels in the adult. Synapta^ Esckscholtz (Fig. V. 1); Anaptii^ 
Semper. B. With wheels — Chiridoiay Eschscholtz ; Trochodota^ Ludwig ; 
Trochoderma^ Theel; Myriotrochus, Steenstrup ; Acanthotrochu8f Danielsscn 
& Koren. 

The tentacles of the Synaptidae vary in numljer from ten to twenty- 
five. When they exceed ten in number there is asually a corresponding 
increase in the numlier of the interradial pieces of the calcareous ring. 
The radial pieces are often pierced anteriorly. There are some very 
characteristic spicules, such as the many-spoked “wheels” (Fig. V. 7) 
of some genera (and in the larva of Synapta), and the anchors and 
anchor-plates in Synapta (Fig. V. 6 , a?i, an.p). The perforated anchor- 
plates lie in the cutis parallel with the surface, whilst the “shank” 
of the anchors rest against them, the “arms” projecting towards the 
surface. They aid locomotion (Ostergren, 1897). A pair of auditory 
vesicles, or otocysts, has been found at the 1>a8e of the five radial 
nerves in Synapta and other forms (V, o.c). Sense organs, some pig¬ 
mented and perhaps representing eyes, occur in some species on the 
tentacleSb The radial water-vascular canals, which are absent in the 
adult, are temporarily developed in the larva (Fig. 1. 8, r.c.c). The 
tentainilar canals, coming from the circular canal, may branch and 
supply several tentacles. The layer of circular muscles is not inter¬ 
rupted at the radii, as in the AcHnopoda, Retractor muscles are de- 
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veloped in some species of Synapta and Chiridota, Very remarkable are 
the funnels or ciliated urns (Fig. V. 4, c.u) situated on the mesentery, 
and sometimes also on the inner surface of the body-wall. These cup¬ 
shaped organs, the function of whicli is oljscure, are attached by stalks to 
the epithelium, and may be joined together into large bunches {Chiridota). 
The genera Synapta^ AnapiUj Chiridota^ and Trochodota are liernia- 
phrodite. The genital pore is situated beliind the tentacles (Fig, V. 2). 

The absence of radial water-va.scular canals, and of interruptions in the 
circular musculature, as well as the presence of ciliated urns, distinguish 
the Synaptidac from all tlie preceding familiest The first of these 
characters has no doubt l^een secondarily acquired, since the canals are 
present in the larva; correlated with this reduction is tlie method of 
progression by means of the tentacles and of contractions of the body- 
wall, accompanied by the entire disappearance of podia. On the other 
hand, the shape of the tentacles, the spicules, the presence of retractors, 
indicate a dL-^tant relationship to the Molpadiidae. 


Phylogeny of the Holothurioidea.—It has been shown above 
that the Actinopod Holothurians fall into two groups. In the first, 
containing the Holothuriidao, Elpidiidae, and Pelagothuriidae, the 
tentacles are more oi less peltate; the calcareous ring is ’'adially 
symmetrical and of simple structure, it may be reduced and even 
absent; the stone-canal often retiuns its primitive opening to the 
exterior; the genital tubes are sometimes restricted to the left side; 
there are never retractor muscles. In the second group, containing 
the Cucumariidac and Moljmdiidae, the tentacles are simple or 
branched, never peltate; the adcareous ring is much developed, 
with posterior prolongations, and often bilaterally symmetrical; the 
stone-Ccinal always opens internally; there are always right and left 
tufts of genitral tubes; retractors are generally developed. The 
two groujis, then, probably represent two diverging 8tem.s, arising 
from a common ancestor possessed of respiratory trees. The Syn- 
aptidae would appear to have come off far down the Cucumarian 
stem, perhaps in common with the Molpadiidae. These relation¬ 
ships may be expressed in the following diagram :— 


Pelagothuriidae. 


Elpidiidae. 


Holothurioidean, 
ancestor. 



olothuriidae. 


Cacomarudae. 


Synaptidae. 


MolpSUliidaa. 




236 


THE HOLOTHURIOIDEA 


Little is known concerning the origin of the class. It may, 
however, safely be conjectured that the Holothurians are derived 
from an Echinoderm ancestor with five typically developed radii, 
along which ran branches of the nervous and water-vascular systems, 
the latter provided with podia. The outward bilateral symmetry 
of the Holothurians seems to have been secondarily acquired in 
connection with their free-moving mode of life.^ 

List of Wouks. 
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pis. iii.-ix. 

3. llanmnn, 0. 1883. (Beitrage zur Histologie der Echinodermcii. I. Die 

Holothurien (Pedata), u.s.w.) Zeit. f. Wiss. Zool. vol. xxxix. pp. 
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See also Nos. 2, 3, 19, 25a, and 28, in Literature of Echinoderma generally, 
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* See Chapter VIII. It should not be forgotten that the plane of symmetry of 
the adult does not correspond exactly with that of the larva, and that the ali¬ 
mentary canal and the mesentery are invariably twisted spirally from left to right. 




CHAPTER XIV. 


THE STELLEROIDEA.^ 

CLASS II. STELLEROIDEA. 

Sub-Class 1. Asteroidea. 

Order 1. Phanerozonia. 

„ 2. Cryptozonia. 

Sub-Class 2. Ofhiuroidea. 

Order 1. Lysophiurae. 

,, 2. Streptophiurae. 

,, 3. Cladophiurae. 

4. ZygopMurae. 

The class of the Stelleroidea includes the starfish, brittle stars, 
sand stars, basket-fish, and branching stars, all of which are 
characterised by a depressed stellate body composed of a central 
disc, whence radiates a number of rays or arms. They have 
radiately arranged genital organs (i,e. are actinogonidial); they are 
not attached by the aboral surface, nor is the oral surface furnished 
with ciliated food-grooves {i.e, are eleutherozoic); and they usually 
have the podia limited to the lower half of the body (i.e, are 
lysactinic), instead of having them continued upward to the apical 
plates, as in typical sea-urchins (which are desmactinic). The 
radial water-vascular vessels lie along the under sides of the arms, 
and are exterior to the ambulacral ossicles. The aperture of 
the water-vascular system or madreporite is not connected with 
the apical plates, as it is in all the Echinoids except Echinocystis, 
This list of characters is quite sufficient to mark off the 
Stelleroids from all other Echinoderms. The class is divided into 
two groups—the Asteroidea and Ophiuroidea—each of which is 
usually ranked as a distinct class, but no definite line of separa¬ 
tion can be drawn between them. The two characters on which 
reliance is generally placed are the presence of an ambulacral 

^ J. W. Gregory, D.Sc. MS. closed at end of 1896. 
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groove in the Asteroids and its absence in Ophiuroi Js; and the 
restriction of the digestive and generative organs to the disc, and 
consequent sharp distinction between body and arms, in the latter. 
The first character is unreliable, as in the living Ophiofrrcsis there 
are no ventral plates, and a shallow ambiilacral furrow is accord¬ 
ingly present. One order of fossil 0})hiuroids—the Lffsophinrae 
—has the same feature more strongly marked. The diti’erentia- 
tion of the body into disc and arms happens in most Ophiuroids, 
but also in some Asteroids, e.j. Freydla. The restriction of the 
digestive organs to the disc appears to otlcr a more reliable 
character; but in Astrophiura the arms aie sharply maiked oti* 
from the disc and contain no digestive caeca, while the ambulacral 
ossicles are asteroid. Similarly the digestive and genital systems 
of the Asteroids, Colpaster, and some species of Firi/ella must be 
limited either to the well-marked disc, or at most to the Ijases of 
the arms; while the arm structure is practically identical with 
that of some Palaeozoic Ophiuroids. It must be remembered, 
moreover, that the digestive sac of Ophiuroids is marked by a 
series of radial bulgings, which may be homologous with the 
radial caeca of Asteroids. The position of the madreporite is relied 
on by Perrier, but it will not serve; in the Asteroids, Asterintf, 
and Palasleriscus it is ventral, as in most O[)hiuroids. 

Not only is there no character w hich serves to separate the 
Ophiuroids and Asteroids, but the whole structure of the l)ody is 
on the same plan in both groups. It consists in both of a central 
disc and a series of (usually five) radial rays. The skeleton in 
each ray consists essentially of two series of plates—the ambu¬ 
lacral and adambulacral. The former lie internal to the radial 
water-vascular vessel, and the furrow which this occupies is later¬ 
ally protected by the adambulacral plates. Additional elements 
may occur, but are not found in all members of either division. 
The mouth armature consists of a ring round the mouth, formed 
by the union of one or more pairs of ambulacral and adambulacral 
plates for each arm, and bearing spines modified to serve as teeth. 
The body is protected by accessory plates or granules in the integu¬ 
ment; these plates may be protected by spines and pedicellariae. 

The alimentary system consists of a central digestive sac, 
opening by a mouth at the centre of the ventral surface; the size 
of the digestive sac is increased by radial bulgings, of which there 
are as many pairs as the Stelleroid has arms; these bulgings may be 
short and limited to the disc or base of the arms, or extend up 
the arms. There may or may not be an anus. 

The water-vascular system consists of a ring round the 
oesophagus ; a radial vessel runs up each arm from the ring, which 
also bears a series of Polian vesicles, or sac-like diverticula. The 
radial vessels give off a pair of branches in each segment; each 
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branch ends in a podion, which may be pointed, or may end in a 
sucker. Connected with each podion there may be a globular 
ampulla (absent from some Asteroids, e.g, Brisinga and from all 
Ophiuroids). The madreporite in either group is dorsal, marginal, 
or ventral. The nervous system comprises a circumoesophageal 
ring and a radial branch along each arm or ray. 

The reproductive organs consist of strands connected with the 
axial coelomic system ; there is a central ring whence a pair of 
strands pass to each ray. A number of small gonads occur on 
each strand; the gonads of each strand may be grouped into one 
bundle, with a common aperture at the margin of the disc (as in the 
Asteroid Aaferias and the Ophiuroid Ophiothrix ); or they may occur 
only at the bases of the arms, as in Fregella ; or they may occur as 
a series of distinct gonads with separate apertures, as in Brisinga and 
Ophiacfis. In most Ophiuroids the gonads discharge into a bursa. 

As both Ophiuroids and Asteroids are therefore constructed 
upon the same fundamental plan, as they contain the same varia¬ 
tions from the typical arrangement, and as there is not a single 
constant difference between them, it seems indispensable that they 
should be united into one class, the Stklleroidka, which may be 
diagnosed as follows :— 

Eleuthcrozoic, actinogonidial, and lysactinic Echinoderma in 
which ambulacral plates lie internal to the radial ambulacral vessels. 
The madreporite is not connected with an apical system of plates. 
The body is more or less depressed, and is markedly stellate. 

In spite of the fact that the separate treatment of the Asteroids 
and Ophiuroids has led to many unfortunate errors, and still 
hampers the classification of the groui>, it seems advisable here 
to consider the sub classes separately. 

SuivClass 1. Asteroidka. 

The sub-class Asteroidea includes the Echinoderms known as 
Starfish. The animals consist of a central body marked on the 
ventral side by a series of radial furrows which are usually continued 
outward along prolongations of the body known as arms. They 
live on the sea-floor and creep about by means of suckers or podia in 
the radial furrows, the side containing which is always placed down¬ 
wards. The general aspect of starfish is therefore very different 
from that of any of the previously described groups of Echinoderms. 
They are closely related to the Ophiuroids, and no very satisfactory 
line of demarcation can be drawn between the two sub-classes; but 
the Asteroids usually have diverticula from the alimentary canal 
extending along the arms, which pass gradually into the disc. 

Before 1841 the Asteroids and Ophiuroids were always considered 
members of one group. Thus J. H. Linck (23), who in 1733 began 
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the systematic study of the Stelleroids, included iuem])ers of ))<)th 
sub-classes in his group “Stella.” He separated the Asteroids as the 
Stellae fissttCy which he divided according to the number of arms or 
rays into such divisions as Trisactis, Tetractis, llexaclisj etc. Linnaeus 
in 1766 included both sub-classes as well as some unstalked 
Crinoids in his genus Asterias, grouping all the starfish together as 
“Stellatae.” Lamarck in 1816 (21), de Blainville (1830 and 
1834), Nardo and Brandt (1834), and L. Agassiz (1835) proposed 
various divisions of Asterias^ which these authors recognised to be 
a family or order. In 1840 Gray's Sf/nopASf and Miiller and 
Troschel's essay, Uehcr die (Juftnufjeii dt r^lAnirn (35), first prepart'd 
the way for a scientific classificathiii. In 1812 tlie hitter authors’ 
System der Asieriden (36) laid the foundation for all later work. 

After thatdate additions toour knowledge of the recent Asteroids 
have been made by many authors, especially A. Agassiz, Barrett, 
Bell, Danielssen, Fewkes, Forbes, Gray, Jullien, Ivoren, de Loriol 
le Fort, Liitken, Marenzeller, Martens, Moel)ius, Perrier, Philippi, 
»Sars, Sladen, E. A. Smith, »Stiinpson, Studer, Thompson, Verrill, 
Viguier. The fossil forms have been described by E. Billings, Eck, 
Forbes, E. Fraiis, Goldfuss, Heller, Hall, de Loriol le Fort, Muller, 
C. F. Roemer, Salter, Simonowitsch, Sturtz, Wright, and others. 

The study of the anatomy of Asteroids received its first stimulus 
from the researches of Joh. Muller (34). The skeleton has been 
described by Meckel (1828), Duvcrnoy (1848), Gaudry (13), and 
especially Viguier (52). Perrier has devoted most attention to the 
pedicellariae (1875 and 1884). The study of the vi.sceral anatomy 
was begun by Tiedemann, Delle Chiaje, and Meckel; and of the 

nervous system by Krohn. 
The present position of the 
subject is due mainly to 
Ludwig (25), Cu^not (8, 9), 
and Hamann (17). 

The embryology has 
been worked out by many 
authors, the study of the 
early stages being unusually 
easy; among contributions 
to this branch of the subject 
are those of Joh. Miiller 
(1848 - 55), A. Agassiz 
(1877), Ludwig (1882), 
MacBride(1893 and 1894), 
(32, 33), and Bury (1889 
and 1895). 

The principal classifications after those of Gray, and of Muller 
and Troschel, are those of Viguier (1878), (52), based on the oral 



PlO. I. 

ActitUil iinrfkce of AnUria* ntfieng it ith a {Xhlion (a) 
enlarget). 
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skeleton, of Perrier (1884 and 1894), (38), on the pedicellariac, 
and of Sladen (1889), (48). 

Structure of a T 3 rpical Asteroid.—The common English star¬ 
fish (Asterias rvJbens^ L.) is a convenient type of the Asteroidea. It 
has a flattened body composed of a central disc from which radiate 
five arms (Fig. L). The upper or abactinal surface of the Body is 
covered by an integument or perisoma (Fig. II.), composed of a 
network of calcareous rods, the meshes between which are closed 
by tough membrane. The anus opens almost rv 

in the centre of the abactinal surface. 'tOV 
Between the anus and one of the angles 
between the rays occurs the madreporite, a \i 

thick grooved plate, perforated by pores 
leading to the water-vascular system. I —4^ / 

The ventral surface of each Arm is tra- 
versed by a broad groove; since the grooves lj 

radiate from the mouth to the ends of the fk. ii. 

arms, the ventral surface is known as the i^rtofaiwo- 

actinal surface. The mouth is at the centre tmai 1. u>n. 

of this side of the body, and is surrounded by spines (the ‘‘mouth 
papilLie ”). The grooves are occupied by four rows of suckers or 
podia, and therefore corres|X)nd to the ambulacral areas of the 
Echinoid. On either side of the grooves are three rows of spines. 

Dissection is necessary for the recognition of any further points 
in the structure of the Asterias. By the removal of some of the 
podia, the ambulacral grooves may be seen to lie outside a series 
of pairs of narrow plates—the ambulacral ossicles (Fig. III.). The 

_ in the middle line ; laterally 

they abut against a row 
adambulacr.il ossicles, be- 
I yond which are further rows 

jii of interambulacral and mar- 

ruts ruterix, anilMilacnil and ntlainbulaoral platen, ginal OSsicleS, all of which 

rt, npiituiv’i for iKMiui. arecompiratively Small. The 

ossicles are protected by spines and pedicellariae similar to, but 
simpler than, those of Echinoidea. 

The Oral Skeleton (or actinostomial ring) consists of a solid 
calcareous ring around the mouth. It is composed of thirty plates 
in a quinqueradiate starfish, there being always six times as many 
plates as there are rays. Each segment of the oral skeleton con¬ 
sists of two pairs of ambulacral, and of one pair of adambulacral 
ossicles. In Asterias the ambulacral plates are more prominent 
than the adambulacrals, and project into the oral cavity. The 
mouth armature is therefore on the ambulacral type (Viguier, 
52). 

16 


A«U ruis rubent, aiiilMilacnil and ndainbulaoral plalesi. 
rt, npi’ituiv’i for i>odui. 
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The Alimentary System consists of a mouth at the centre of 
the actinal surface of the starfish. The oesophagus is very short 



Fit«. IV. 


AtUriat ntherut. I, ray from which t)io akin of tiie abactitial aurfaca haa been removed 
and the ootgrowtha (c) Ulaplaced, .showing the aiDbulacral oaaiclea Oio); the auckera (a), 
gon*da in ray II; a, anna; #;>, atoniach, tiie foldeil arrangement of the walla of which are 
aliown by removal of part of the tiptier wall at the baae of ray V. From F. J. Dell, CMogu$ 
qfBritiih Schinodernu in tht Brit. Mv$, (Sat. HUit.). 
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and leads to a large stomach, which occupies most of the disc. 
From the stomach five branches pass off, one to each ray. Each 
branch divides into two caeca, which lie one on either side of the 
ray. From the stomach a short rectum leads upward to the anus, 
which opens on the abactinal surface at a little distance from the 
centre. Two small longitudinally folded diverticula from the 
rectum occur below the anus. These rectal caeca occupy a 
similar position to the “ respiratory trees ” of Holothurians, with 
which they may be homologous. 

The Water-Vascular System consists of a circular vessel round 
the oesophagus (the circumoesophageal canal or water-vascular ring), 
from which, in a five-rayed starfish, there are eleven offsets. The 
most important are the five radial canals, one of which i)asses 
along each ray, just external to the ambulacral ossicles. From 
these radial canals branches are given off on either side; each 
branch ends in a tubular podion, which consists of an internal 
reservoir or ampulla situated above the ambulacral ossicles, and of 
an external tube or sucker. Valves occur on the transverse branches, 
and prevent water, expelled from the ampulla, returning into 
the radial vessel; they thus direct it into the sucker. The next 
set of ofl'sets from the circumoesophageal canal are five sac-like 
Polian vesicles,” one in each interradius; they act as reservoirs 
for the water-vascular system. The last (eleventh) vessel on the 
circumoesophageal canal is the “stone-canal,” which runs from 
the base of one of the Polian vesicles to the upper surface of the 
starfish. It expands above, and its upper end is attached to the 
madreporite, through the pores in which water enters the water- 
vascular system. 

The circumoesophageal canal also supports nine tufts of 
tubules known as Tiedemann’s bodies; there is a pair of tufts 
in each intorradius, one on either side of the base of the “ Polian 
vesicle,” but in the interradius containing the stone-canal there is 
only a single Tiedemann's body. 

The presence of a blood-vascular system in Asteroids is not yet 
determined, the organs described as such belonging to the Pseud- 
haemal System (cf. pp. 22, 26). The main organ in this system 
is the “ axial sinus,” which is a rather thick vertical tube sur¬ 
rounding the stone-canal. It communicates below with a ring (the 
circumoesophageal pseudhaemal ring), which surrounds the mouth 
and gives off five radial branches, which pass one along the upper 
side of each ray. At its upper end the axial sinus communicates 
with the genital ring; attached to this ring are five pairs of short 
processes, while an additional pair passes beside a prolongation of 
the axial sinus leading to the madreporite. Some of the pores of 
the madreporite open to the axial sinus, and there is no known 
direct communication between the latter and the stone-canal. 




Fio. V. 

BriHnga ooronata. Abtctlnal sarfttce. 

The Nervous System consists of three disconnected sets of 
nerves. The most important set is composed of a circumoral 



THE STELLEROIDEA 


245 


ring, from which a branch runs up each ray between the rows of 
tube-feet, and external to the pseudhaemal radial vessel. Each 
branch gives off nerves to the tube-feet and ectoderm of its ray. 
The second set of nerves consists of bands lying internal to the 
radial branches of the first set; they lie along the perihaemal canal, 
which surrounds the pseudhaemal vessel; the branches from these 
nerves supply the muscles of the ambulacral ossicles. The third 
group of nerves is abactinal in position; there is a ring round 
the anus, giving off a branch along the upper side of each ray, and 
innervating the muscles of the body wall. 

The Genital Organs of Asfrrios consist of ten branched glands, 



vu.. \r. 
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a pair being situated on the dorsal side of each ray close to the 
disc. Each gland has a separate a})erture on the abactinal surface. 

The only special respiratory organs are a series of long, tubular 
prolongations of the body - cavity, known as papulae, dermal 
branchiae, lymph gills, or branchial vesicles. In Asferias they 
occur on all sides of the rays and disc. 

The most interesting sensory organ of Asterias is a small 
eye-spot on the terminal podiori of each ray (Fig. XXV. on 
j). 30). The animal has an olfactory sense, for it will follow 
food, even after the eye-spots have been destroyed; the situation 
of this sense is diffuse, for any part of a starfish arm that can 
move inde|)endently will follow food (Romanes); but Prouho 
limits the sense of smell to a few podia near the end of the ray, 
which he calls ** palps.” 
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The Variations in Structure from the typical genus are less 
remarkable among the Asteroids than among the Echinoids and 
Ophiuroids. 

In shape the extremes are genera such as Brisinfja (Fig. V.) or 
Freyella^ and Culdta (Fig. VI.). In the first two the arms are 
numerous and slender, and sharply maiked off from the disc. In 
the livst the body is bun-shaped, and the ambulacra extend for a 
short flistance over the abactinal surface. 


The most conspicuous variation from Asterias in skeletal 
structure is due to the presence of a series of thick plates round 
the margin both of arms and disc. These marginal plates are 
best developed in the order Phaneruzonia. There may be two 
series, one above the other, and known respectively as supra- 
marginals and infra marginals (Fig. VII. d and r); in some 
genera intermarginal plates occur between these two series. 

The spaces (actinal interbrachial 
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areas) between the marginal 
plates and the ambidacral fur¬ 
rows may be occupied by a 
series of accessory plates, form¬ 
ing a pavement like mosaic. 

The accessory plates on the 
abactinal side may be large or 
small, equal or unequal. In 
some species the central plate 
is large, and some of the re¬ 
maining plates are arranged in 
circles round it. The plates of 


three of these circles have been 


regarded as the homologues of the calycinal plates of Crinoids, and 
are accordingly sometimes named the radials, basals, and infra- 
basals (but see p. 14). In Cnemidiaster wyvillei the central, and 
the so-called radials and basals are present; in Zoioaster fulgens 
there are infra-basals as well. The order of development of these 
plates is as follows:—First five plates appear round the centre 
of the abactinal surface; these plates move outwards to the aim- 
tips, and form the terminals; a second ring appears, the plates of 
which are the “ basals ”; the central plate next develops in the 
centre of this ring; the radial circle follows, and after that come 
the ** infra-basals.’’ Between the plates of the last set and the 
central some genera have additional plates, which cannot be 
homologised with any in Crinoids. 

The Oral Skeleton consists of a ring of plates round the mouth. 
The ring is composed of as many segments as the starfish has rays, 
and each segment is interradial, and forms an *^oral angle ”; it 
consists of two sets of plates, usually three in number. 
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The oral skeleton is described as either ambulacral or adain- 
bulacral, according as the ambulacral or adambulacral j)lates 
are the more ])roniinent. Viguier, in his important memoir on 
the skeleton of the Asteroids, pointe<l out the existence of these 
two types, and based his classification \ipon this character. As we 
have seen, in the genus Asterias the oral skeleton consists of a 
solid ring, in which the ambulacral plates form five prominences, 
while the adambulacral })lates are small, and occur in the angles 
between them. Such a mouth-structure is described by Viguier as 
“ambulacral.” In Pentaceros (Ormster)^ on the other hand, the 
ambulacral plates are inconspicuous, and the adambulacral plates 
project into the buccal cavity atid form the jaws. This type is 
Viguier^s “adambulacral mouth.” In both cases above the adam¬ 
bulacral plates is a basal, interbrachial, or oral plate which is 
called by Viguier the odontophore, although it does not bear the 
teeth ; its value is of secondary importance. 

The Pedicellariae of Asteroids are of four main types. The 
simplest form consists of a row of pairs of small, sessile, op])OsaJ)le 
spines; these are the “pseudo-pedicellariae.” The members of 
the second set are “sessile.” The next advance is the develop¬ 
ment of a stalk; of these pedunculate pedicellariae there are 
two varieties: (1) the “ forficiform,” in which the t>vo hooks are 
attached to the nearest end of the basal jdate nearest to them; 
(2) the “ forcipiform,” in which the two hooks cross one another 
and are attached to the end of the basal plate furthest from them. 
Perrier has used the pedicellariae as the basis of his classification 
of the Asteroids, on the ground that they are the degenerate repre¬ 
sentatives of organs once more important. Other authors, however, 
regard them as modified and elaborated spines, in w hich case they 
are of little taxonomic value. 

Another type of spines occurs as |)art of the structures known 
as “ paxillae.” Each pnxilla consists of a thick plate supporting a 
number of short, calcareous pillars, the summit of each of which 
is covered by a group of small spines. In some Phanerozonia, such 
as Asiropecien, the paxillae occupy almost the whole abactinal 
surface of the Asteroid (Fig. VII.). 

The Water-Vascular System is on the same plan as in Ai>(mas, 
but there are the following modifications :—In most starfish there 
is a pair of Polian vesicles in each interradius; they rise from the 
circumoesophageal vessel beside the Tiedemann's body. The 
radial branches and its podia are simplified by the absence of 
ampullae, as in Brisinga, or by the podia ending in ix)ints instead 
of suckers, as in the Astropectinidae. Suckers are improvised in 
such pointed jwdia by a contraction of the w\alls below^ the end. 

The number of madreporites is very variable among the 
Asteroids; in most of those with many rays there are several 
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madreporites, but in the Solasteridae there is but one; on the 
other hand, many five-rayed starfish, such as Alienas rapensiSy have 
more than one. The stone-canal is repeated,'^ especially in forms 
which reproduce asexually. 

There is no anus in the Astropcctinidae, the members of which 
are more primitive than Asterias in many respects. The radial caeca 
of the stomach remain constant, but the rectal caeca vary in number 
and arrangement; they are increased to five in many genera, and 
in Cnlcita each of the five caeca branches into two. 

The “papulae” or branchial vesicles, which, in Asferin.% rise 
from all parts of the external surface, are limited among Phaner- 
ozouia to the abactinal surface, and to the area enclosed by the 
supra-marginal plates. 

The Genital Organs are, as a rule, less concentrated than in 
Asferias, The glands are repeated along the arms ; in the simplest 
cases each series discharges its products by a single sieve-plate. 
The extreme case is in Bmingay where there are a series of separate 
glands along the arm, one pair to each segment, and each gland 
discharges by a separate aperture. 

In Asterhia gMosa the genital orifice is on the ventral or 
actinal surface, as in Ophiuroids. 

The development of the Asteroids is generally indirect, the larva 
passing through a metamorphosis. The typical form of larva is 
the Bipinnariay which passes through an Anricularia stage and thus 
resembles the larvae of the Holothurians rather than of the 
Echinoidea or Ophiuroidea (see p. 5). In some cases the Bipinnaria 
develops into a Brachiokimi by the division of the frontal process 
of the larva into three branches. In some genera, such as Asferina 
(the development of which has been studied with especial care), 
the Bipinnaria stage is never developed, although the larvae are 
free-swimming and undergo metamorphosis. In other cases, e,g» 
in Blakiostcr and PterasieVy the development is direct; in the 
former case, the ova develop in “ arcade-like spaces ” between the 
paxillae of the abactinal surface; in the latter there is a large 
marsupium formed by the presence of a supra-dorsal membrane 
I'ising above the abactinal surface. 

Asexual reproduction is not uncommon ; it results either from 
a division of the body, approximately into halves, or by regrowth 
of the disc from an arm that has been thrown off. The latter 
method occurs especially in Linckiay and with the first appearance 
of the disc the starfish is said to assume the comet form. 

Proceeding to the Systematic Description of the orders and families, 
we may sum up the foregoing characters lu the following Diagnosis of 
the Sub-Glass.^ The Asteroidea are clcutherozoic, actinogonidial, and 

* Emended from Bell (4), p. 19 ; the termx are explainetl, antfa, p. 237. 
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lysactinic EchinoUerms in which there is an ambulacral groove. The 
arms generally pass gradually into the disc, but in some cases are 
sharply marked off from it. The digestive stem generally has un anus, 
and shares in the stellate disposition of the body. Peiitaineric repetition 
is more often exceeded in this than in any other class, and asexual repro< 
duction is not uncommon. Respiration diffuse. The madreporic aperture 
is generally abactinal. 

This diagnosis at once sharply 8ej)arates the Asteroids from all 
Echinodernis except Ophiuroids, between which, as we have seen (p. 238), 
it is not possible at present to draw any piecise line of separation. The 
Asteroidea, however, always have an open actinal groove, whereas this 
is exceptional among the Ophiuroidea; the arms usually pass gradually 
into the disc, and generally contain throughout prolongations of the genital 
and alimentary systems. 


Order 1. Phanerozonia, Sladen. 

Asteroidea with large nnirginal plates, and with the dermal branchiae 
or lymph gills limited to the abactinal surface. 

This order includes a group of starfish which began in the Cambrian 
age and has lived on till the present time. Its members can be readily 
distinguishetl by the large size of the marginal plates. The limitation of 
the dermal bianchiae to the abactinal surface is a more primitive con¬ 
dition than that met with in the Cryptozonia. Embryological evidence, 
and the greater importance of the order in the Palaeozoic and Mesozoic 
eras also suggest that this i.s the simpler of the two ordere of star¬ 
fish. 

The Palaeozoic genera appear to be normal inembere of this oixler, 
and some of them may be included in existing fixiuilies. They are, how¬ 
ever, often all grouped together as an order, the “ Pala‘asteroidea,” ami 
separated from all the later, or “ Euasteroidea.^’ The character on which 
this separation is based is the alternation of the ambulacral ossicles in the 
former, whereas they are said to be always opposite in post-Palaeozoic 
Asteroids. This character is of great importance among Ophiuroids, for 
when the ossicles are alternately arniiige^l, they cannot be united into verte¬ 
bral ossicles. But when the ossicles are narrow, thin plates, closely packed 
into two series, one on either side of a ray, and when the seiMiratc ossicles 
meet those of the other side only by their narrow ends, then alternation 
is very likely to arise from growth pressure. In fact, one |>art of an 
arm may have the ambulacral ossicles alternate, while in another part 
they may be 0]>po8ite. The character, moreover, is one on which little 
reliance can lie placed when applied to fossils, for a slight movement is 
sufficient to alter the relative ])ositions of the two series. It is difficult 
to explain the relative positions of the ambulacral ossicles in different 
arms of the same Asteroid, except on the assumption that the two series 
moved past one another during the lateral bending of the arm. Alterna¬ 
tion of the ossicles was probably an original character; but as the arms 
became flexible with the reduction of the external skeleton, and as the 
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ambulacral ossicles became narrower, greater freedom was gained by tlie 
oi)position of the two plates of a pair. Tlie artificial nature of the 
divisions based on this character is shown by Sturtz’s action in dividing 
several of his families into halves and placing members of the same 
family in two different orders. Thus he founded a family Pala»echin- 
asteridae for the genera Echinanfirella and Palasteriscus ; but he included 
the latter among the division with alternate ambulacral ossicles, and the 
former in the division in which these ossicles are opposite. As the 
“ Palojiisteroidea ” include representatives of both Phanerozonatc and 
Cryptozonate Asteroids, and of several families of eacli, it is necessary to 
dismember such an artificial group. 

Family 1. PALiEASTERiDAE. Phanerozonia with most or all of the 
ambulacral ossicles alternate ; the inadreporite is dorsal. Oral armament 
adambulacral. Abactinal skeleton tessellate. Rays long, disc small. 
This family includes a series of Asteroids occurring in the Lower 
Palaeozoic. In most of them the ambulacral ossicles are alternate, 
but in some cases these plates are opposite, either for a part, or for the 
whole length of the arm. Hence tins character does not seem to be of 
the value assigned to it. The marginal ossicles are always conspicuous, 
and, as far as is known, the madreporite is fairly small and dorsal in 
[K)sition. The oral skeleton consists of a ring in which the adambulacral 
plates are most conspicuous. There are two sub-familie.s. Sub-Family 1 . 
PALiKASTERiNAR, in which the ambulacral ossicles are alternate. Gencia 
— Pala:astery Hall; ArgnMer, Hall; (1) Monnskry Eth. jnr.; and (I) 
Pitraster, Billings ^iar5. The genera are all Palaeozoic, ranging from the 
Cambrian to the Devonian. Among e.\isting families tlie nearest ally is 
the Arcliasteridac. Sun- Family 2. Xbnabterixae, including those 
with moolof the ambulacral os^^icles in opposite pairs. Genera— XenaMer, 
Sinionowitsch; Tetraster^ Eth. jnr. & Nicb. 

Family 2. Pal^e.^steriniuae. Phanerozonia with alternate ambu¬ 
lacral ossicles and small marginal plates. The oral armature is adam- 
bulacral. The madreporite is abactinal. The rays are short and are 
separated by large interradial areas. Genera —PaUsasierinay M‘Coy ; 
Stiwenastery Meek & Worthen. 

Family 3. Aspidosomatidae. Phanerozonia with alternate ambula¬ 
cral ossicles ; large marginal ossicles and large interradial areas ; rays 
massive, petaloid, sub-petaloid, or ta|>ering. On the abactinal surface 
there are large depressed areas between tlie marginal ossicles and the 
outermost of the longitudinal series of large ]>lates which run along the 
arms. Genera —Aspidosomay Goldf. (the type-species is A, Amoldiy but 
as this is imperfectly knowm. A, petaUndeSy Siinonowitsch, may be 
accepted provisionally); PaUuonedriay Sturtz ; Palaeoitellay Stiirtz ; Trick- 
asteroptu, Eck; Archadei'iaSy Mull., may belong here, but the genus is 
insufficiently known. 

Family 4. Taeniasteridae. Phanerozonia with alternate ambulacral 
oesicles. There are neither disc nor interbrachial areas. Tlie adambu¬ 
lacral plates are large and act as marginal plates. The axes of the 
marginal plates are parallel and the rays petaloid (as in SUna9ter)y or the 
axes of the marginal plates are convergent; these plates bear spines on 
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their free ends, and the rays taper gradually {Jaeniadcr). Geiieiu— 
Taniiastn^ Billings ; Stenasitr^ Billings, pars {S. salieri^ but not S. pul- 
chcUus ); both Oi-dovieian of Canada; Salteraster and Urasterella^ M‘Coy, 
Silurian, England; J^rotasteracavthimy Sturtz, Devonian, Germany. 

Family 5. Archasteridae. Phanerozonia with opposite ambiilacral 
plates. There is an anus, but no super-anibulacral plates. Pedicellariae 
are generally present. The abactinal plates are spiniform or paxilliform. 
The adauibiilacral plates are large. This family includes a large number 
of Neozoic starfish, ranging from the Lower Oolites to the present day. 
They have fre({uently been included with the Astropectinidae, from 
which they differ by the presence of an anus, by the large size of the 
adainbulacral ossicles, and by the absence of supra-ambulacral plates. 
There are four sub-families, including sixteen genera. Suij-Family 1. 
Parachasterixae, C(»mi)i‘i8ing those in which the branchial vesicles or 
papulae are limited to an area at the base of the rays, and in which 
the actinal interradial jdates are absent or are very few in number. 
Genera — (^heirast^ry Studer ; Pararchastery Sladen ; PectmasteVy Perrier ; 
and Pohtastn'y Sladen. Sun -Family 2. Plutoxasterixae, including 
tho>c with papulae scattered over the whole abactinal surface. There 
are numerous actinal interradial plates. Genera —VrenmieVy Per. (non 
Ag.) ; Ihfiastny Slad, ; Gonioppcieny Per.; Lonchotastery Slad.; Pcrsejthon- 
astevy Mason & Alcock; Phitonastery ISlad.; THhyastery Slad. Sub- 
Family 3. P.seudarchastkrixae, including those with a definite median 
line of plates along tlie ra}8, and uith the abactinal plates arranged 
in series paralhd to the central line. There aie no pedicellariae. 
Okimra--Pseudarchastery Slad.; Aphroditastery Slad. Sub-Family 4. Arch- 
asterinae, including those in which there is a definite median line of 
abactinal plates, ami the remainder are arranged in oblique row’s. 
Pedicellariae present. Genera— Arantharrha^iery Verrill ; ArchasteVy Verr.; 
IsasteTy Verr. The following gencia are included by Sladen in this 
family, but not divided among the sub-families:— IknthopecteUy Verr.; 
LlakiasteTy Per. ; Luidiastery Stud. 

Family 6. Porcf.llanasterid.ve. Phancro/onia with opposite ambu- 
lacral plates; with thin lanielliforin marginal plate^ traversed by cribri¬ 
form organs. There are two sub-fiimilies. Sun- Family 1. Porcell- 
ANA8TERINAE, ill which the cribriform organs are highly developed and 
limited to a few plate.«», and there are no fimbriated channels in the 
actinal interradial areas. Genera — Caulastery Per. ; Porcellamutery Wyv, 
Thomson (Fig. VIII.); l^tyracastery Hyphalastery Thoracastcry and PseiuU 
astery Sladen. Sub-Family 2. Ctknodiscinae, in which the cribriform 
organs are simple and occur on the margins of each pair of marginal 
plates ; continuations from the cribriform organs run through the actinal 
interradial areas as fimbriated channels.” Genus — CienodisciiSy Muller & 
Troschel. The most interesting features of this family are the develop¬ 
ment of the cribriform organs, densely packed groups of small spinelets or 
lamellae on some or all of the mai'ginal plates. Their function is uncer¬ 
tain, but, according to Sladen, it is not improbable they act as percolators.” 
In some species of AHropecUn the marginal ossicles are bordered by 
fringes of small spines, which A. Agassiz has compared to the fascioles of 
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Spatangoids (see p. 319). In Ctenodiscus the grooves between the marginal 
ossicles are bordered by bands of lamellae forming the simplest type of 
cribriform organs. In the rest of the Porcellanasteridae these organs are 
confined to a few special plates. In some species of this family the 
anus opens on the summit of a small tube. It rises from the abactinal 
surface of the starfish, and has been accordingly compared to the stem 
of Crinoids, an homology which is quite inadmissible. 

Family 7. Astropkctinidae. Phanerozonia with opposite ambula- 
cml plates and jxixilliform abactinal jilates. Super-ambulacral plates are 
present, and the adambiilacral plates arc compressed. There is no anus, 
and pedicellariae are rarely present. The compressed adambulaci*al plates 
and the presence of a series of super-ambulacral plates, which occur inside 
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the arms above the ambulacrals, are the two most striking features of 
the Astropectinidae. The position of the super-ambulacral plates is 
shown in Fig. VII. There are two sub-families and nine genera. 
Sub-Family 1. AsTROPECTrNiNAE, including those niemWrs of the family 
in which the adambulacral plates touch the infero-marginal plates 
along the ray. The marginal and adambulacral plates do not correspond 
in length or number. Genera — Astri/pertev^ Schulze; BathyhiasUr^ 
Danielssen and Koren ; Craspidaster^ Slad.; THpimaster^ Alcock ; IJhkiastet^ 
Per. (syn. Leptoptychagfer^ Smith), (Fig. IX.); MoriaAer^ Phojagter, and 
PiiloiUr^ Sla<len. Sub-Family 2. Luidiinae. Astropectinidae with a 
row of small plates separating tlie adambulacral and infero-marginal 
plates. Genera— AstreWi, Per.; Luidia^ Forbes; Plaia»terias^ Gray. 

Family 8. Pentaooxabteripae. Phanerozonia with opposite ambu- 
lacral plates, laige marginal plates, and tesscllatc abactinal skeleton. 
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The arms are short anil the shape of tlie starfish is generally penta¬ 
gonal. Sub-Family 1. Pentagon asterixae. Pentagonasteridae with 
rounded, polygonal, or paxilliform abactinal plates. Genera— Anthenoides, 
Per.; ABierodon^ Per.; Asirogonium^ Muller & Troschel; CalliaiUr^ Gray ; 
Gallidmna, Gray ; Chitonaster, Slad.; Comptonm^ Gray; Dorigona, Gray 
{NymphnuteTf Slud.); Goniodon^ Per.; HoplasteVy Per.; IconaMery Slad.; 
Leptaster, Lor.; Media ster, St imps.; Metopaster^ Slad.; Mitelephaster, Alcock ; 
Mitrasttr, Slad. ; Nectria^ Gray ; ()doutastei\ Verr. (Gnathaster, Slad.); 
Paragonaster^ Shad.; Pentagonaster^ Schulze ; Pliatieraster^ Per.; Pycnaster, 
Slad.; RosasteVy Per.; Stephanastery Ayres. Sub-Family 2. Goniodiscinae. 
Pentagona‘*teridae with flat, stellate, abactinal plates. Genera —GoniodiscuSy 



Fig. IX. 

Abactinnl \ lew of Hipixisterias phrygkina. 


MulL & Trosch.; Leptogonaslery Slad. (included by Perrier in Archasteridae); 
StellasteTy Gray ; OgmoBteVy v. Martens. Sub-Family 3. Mimastsrinae. 
Pentagonasteridae with small, stellate, paxilliferous abactinal plates. 
The plates of the actinal intermediate areas imbricate over one another. 
Genus —Mimadery Slad. Hopladery Per., is included by Sladen in the 
Pentagonasteridae, but Perrier places it with Gcnxodony Gnathastefy and 
Aderodoiiy in a special sub-family of Archasteridae. 

Family 9. Antheneidae, Per. Phanerozonia with opposite ambu- 
lacral ossicles and massive marginal plates. Abactinal skeleton stellato- 
reticulate ; the actinal intermediate plates bear large valvate pedicellariae. 
Genera— Anihinea^ Gray; Goniaster, Ag. (em. Per.); Hippadmoiy Gray 
(Fig. IX.). 

Family 10. Pentacerotidae. Phanerozonia with opposite ambu- 
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lacral ossicles and irregular marginal plates; the upper series are often 
covered. The abactinal skeleton is reticulate, and the plates bear large 
tubercles. There are no valvate pedicellariae on the actinal interradial 
areas. Qeneiu— AmphioBter, Verr.; Asterodisctis^ Gray ; Choriaster^ Lutken ; 
Culcitay Ag. (Fig. VI.); NidorelHa^ Gray ; Paulia^ Gray ; Peniaceroptis^ 
Slad.; Pejvl(u:er 08 y Schulze {Oreaster^ Mull. & Tr.); Sphaemster, Quenst ; 
Sphaerites^ Quenst. 

Family 11. Gymnasteriidae. Phanerozonia with opposite anibii- 
lacral ossicles and unequally developed marginal plates. Abactinal 
skeleton tessellate, but its plates are irregular and only partially in 
contact. The actinal interradial areas contain large plates. The whole 
test covered with membrane. Genem— Asteropsis, Mull. & Tr.; Derm- 
asteriasy Per. ; Oymmisteriay Gray ; Lasiaster^ Slad. ; Marginaster^ Per. ; 
Porania^ Gray ; Poraniomorpha^ Dan. & Kor.; lihegaster^ Slad. ; Tylastin ., 
Dan. & Kor. 

Family 12. Asterinidae. Phanerozonia with opposite ambulacral 
ossicles, and with small, inconspicuous marginal plate.^ the axes of which 
are convergent. Intermediate plates imbricate ; those on the abac- 
tinal side lanielliform. Fedicellaria absent. Sub-Family 1. Ganeiuinae, 
with large marginal plates. Genera— Cycethra^ Bell ; Ganeria^ Gray ; 
Lebninaster, Per.; Rculiaster^ Per. Sub-Family 2. Asterinidae, in which 
the marginal plates do not exceed the remaining plates in size. Dermal 
branchiae arise from any part of the abactinal surface. Genera —Asterinay 
Nardo, wdiich has often been described as a typical Asteroid, and its embry- 
ology carefully studied; Disasterhia, Per.; Nepantkia^ Gray ; Patiria^ Gray. 
Sub-Family 3. Palmipedinae, with dermal branchiae confined to the 
radial region.s. Genera —PalmipeSy Ag.; Stegmaster^ Slad. TremasteVy 
Verr., is also assigned to thi.s family. 

Order 2. Cryptozonia, Sladen. 

Asteroidea with the marginal jilates small and inconspicuous or 
absent; wdien present the upper and lower rows do not touch. Dernud 
branchiae not limited to the abactinal surface. Ambulacral ])late8 are 
generally crowded and narrow. Either the ambulacral or adambulacral 
plates are the more prominent in the oral skeleton. 

This order is characterisetl by three main characters : ( 1 ) The 
insignificance of the marginal plates, wdience the name Cryptozonia; 
(2) the occurrence of papulae or dermal branchiae beyond the abactinal 
surface, whence the order is described as ** adetopneusic ”; and (3) the 
crowding and narrowness of the ambulacral plates, whence the order is 
said to be ^Meptostroterate.” The last character is not developed in some 
Palaeozoic genera that appear to belong to this order. 

Family 1. Palaeocomidae. Cryptozonia with alternate ambulaeiul 
ossicles and numerous long free actino-lateral spines. There is a web 
supported by a reticular calcareous skeleton. The adambulacral plates 
are large, and the spines are borne on the plates adjoining them. 
Genus— Paiaeoeoma^ Salter. Bdellacomay Salter, is placed by its author 
as a sub*genu8 of Palaeocoma; its affinities are doubtful, but are certainly 
not with this family. 
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Family 2. Lepidasteridae. Cryptozonia with alternately arranged 
ambulacral ossicles. Disc large ; rays comparatively short, thick, and 
blunt. No lateral spines. The abactinal skeleton consists of closely set, 
irregular, granular plates. Genus —LepidasUry Forbes (Fig. X.). 

Family 3. Tropidasteridae. Cryptozonia \iith ambulacral ossicles 
opposite or sub-alternate. Rays short, broad, and fiat. Ambulacral 
ossicles narrow; adambulacral ossicles broad and thin. 

Abactinal surface granular. Genera —TropidasteVy 
Forbes; ('?) Compsastery Worthen & Miller. The name 
of the type genus was suggested from the apparent 
occurrence of a keel along the abactinal side of the 
rays. This, howevcT, is only due to the ambulacral 
plates being exposed by the loss of part of the 
granular abactinal integument. Compsaster has a Fu,. x. 

narrow ambulacral groove, and is bordered by 
imbricating actinal plates; its general characters Limestone, 

resemble Tropidastery but it is insutliciently known for its affinities to 
be definitely settled. 

Family 4. Linckiidae. Cryptozonia with opposite ambulacral 
ossicles, comparatively well-developed marginal plates. Disc small, with 
long cylindrical rays. Abactinal skeleton tessellate with granular integu¬ 
mentary deposits. Sub-Family 1. Roemerasterinae, with spines on 
the marginal plates and disconnected granular plates arranged in longi¬ 
tudinal series on the abactinal surface and sides of the arms. Genus — 
RoetnerasteVy Sturtz. Sub-Family 2. Lixckiinae, with abactinal plates 
devoid of internal supplementary plates. Abactinal and marginal plates 
granulose and not bearing spines. Genera —Fmlinay Gray; FromiOy Gray ; 
Leiastery Peters ; JAnckiny Gray; Narcissiay Gray; Nardoay Gray ; Op/iidi- 
(uteVy Ag.; PhanUy Gray; Gray ; (?) Arthrastery Forbes. Sun- 

Family 3. Chaetasterinak, with internal supplementary j>lates and 
paxilliforrn tobulae. Genus —Chaetastery Mull. & Tr. In this genus 
there are remarkable groups of spines borne on the end.s of di'sc-like 
pillars, rising from the external plates; these are known as paxilliforni 
tabulae. Sub-Family 4. Metuodirixae, with the marginal and al)actinal 
plates covered by membrane. There are neither internal supplementary 
plates nor paxillifbrm tabulae. Genus —Mdrodirny Gray. 

Family 6. Stichasteridae. Ciyptozonia with opjxisite ambulacral 
ossicles and contingent marginal ])lates. Disc small ; rays long and 
cylindrical. The plates of the abactinal surface are large, closely packed, 
and regularly arranged. Sub-Family 1. Stichastbrinae. The adambu¬ 
lacral plates art', equal, have a simjde armature, and have no ridges. 
Genera— Cahjeastery Per. ; Coelasteriasy Verr.; NeomorphasteVy Slad.; Stich^ 
astery Mull. & Tr. ; Tarsastevy Slad. ; Tonuiy Gray. Sub-Family 2. 
Z 0 ROA 8 TERINAB. The adambulacral plates are unequal, and their armature 
is complex ; alternate plates have ridges. Genera— Onemidiastery Slad.; 
Mamniastery Per. ; Pholidaster^ Slad. ; Prognastery Per. ; Zoroadery Wyv. 
Thoms. 

Family 6, Solastkridae. Cryptozonia with opposite ambulacral 
ossicles, and a reticulate, abactinal skeleton bearing paxilliforrn groups of 
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8pine& Marginal plates obscure. No pedicellariae. Genera— Cromister^ 
Mull. &Tr.; Ctencuter^ Per.; Lophaster^ Verr.; Rhipidiistery Slad.; Solastery 
Forbes (Fig. XL). 

Family 7. Korbthrasteridae, Dan. & Kor. Charactm — “ Crypto- 
zonia allied to the Asterinidae^ but distinguished by the complete absence 
of interbrachial spaces, and by the possession of a continuous, calcareous 
plating, and the formation of the paxillae” (Bell, 4, p. 23). Genera— 
KorethraMer^ Wyv. Thoms. ; PerihoUideT^ Slad. ; Remaster^ Per. 

Family 8. Ptkrasteridae. “Crypto/onia in which the dorsal ossicles 
carry a spine crowned by long diverging spines which support a more 
or less well-developed membrane; this forms a marsupial recess for the 



Fl«:. XI. 

Abactiiial surface otSolasUr papposui. 


young. No actinal intermediate plates, interbrachial septa, or pedicel- 
lariae ” (Bell, 4, p. 23). In this family the most remarkable feature is the 
development of a large tnarsupiuiu in which the young are reared. This 
is formed by a large veil above the abactinal surface, from which it is 
raised by numerous long paxillae. The dorsal membrane is perforated by 
many small pores (** spiracula,” Sars), and has a large central opening, the 
** oscular orifice.” In some genera, e,g. Rtmuter, there are also openings to 
the actinal surface, known as ** segmental apertures.” lliere are often 
long spines, attach^ to the rays close by the adambulacral plates ; these 
are known as the actino-lateral spines, and they are either enclosed in the 
membrane of the actinal surface or in a marginal web. Sub-Family 1. 
Chsiroptastbrinab, with alternate ambulacral ossicles and short actino- 
lateral spines. (The presence of the iiiarsupium is not certain.) Form 
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penUgoiial. Genera — CkeiropUistei\ Sturtz ; LorioluHtn, Sturtz ; {T) Hho- 
palocoma^ Salter. Sub-Family 2 . Pterastkrinae, with a well-developed 
supra-dorsal membrane, opposite ambiilacral plates, and actino-lateral 
spines. Form pentagonal. Genera— BentluMter^ Slad.; Cahjptaster, Slad.; 
Cryptaster, Per. ; Flexastei'y Per. ; Hymcnasterf Wyv. Thoms. (Fig. XII.); 
Marnpastetf Slad. ; MyxasteVf Per.; Sieraster, Mull. & Tr. ; Bdastery Per. 
Sub-Family 3. Pythonasterinae, w^ith stellate form, opposite ambulacral 
ossicles, and rudimentary marsupium formed by live triangular fan-liko 
valves; no segmcnttil a])erture.s or actino-lateral spine.'i. Genus— Mayr- 
(tdeTy Per.; I^ythnnadcry Sla<l. 

Family 9 . Palastkrircidae. Cryptozonia with the ambulacral 
o.ssiclcs alternate lor at lea^^t ])art of the arms. The madreporite is 






Fir.. .Ml 

llymeiwf>ter yWL'OfLM (aftn Wn\. Tbonisoii). 

lai'gc and ventral in position. Actino-lateral spines hre present. The 
dorsal integument is gninular. The form is stellate with small inter- 
brachial areas. Genera— Palwtten^tLSy Sturtz; Erhinasterellay Sturtz. 
This family is remarkable fur the abnormal |>osition of the madreporite, 
which, unlike that of recent Asteroids, is ventral in position. This char¬ 
acter is possibly due to the development of a granular integument over 
the whole of the abactinal surface. Large spine-like paxillae occur, and 
it is quite possible that the granular integument was the roof of a large 
marsupium. There can l>e no question as to the position of the inadre- 
porite, for the actinal and abactinal surfaces of the same specimen are 
shown in examples in the British Museum. 

Family 10. EghinaBtbridae. Cryptozonia with a reticulate abac¬ 
tinal skeleton of small imbricating plates. Ambulacral ossicles opposite ; 
the pores biserial; oral armament adambulacral. Interbrachial septa 

17 
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single if present. Sub>Family 1. Acanthabterinae, with large disc and 
numerous rays ; numerous madreporites. Genus — Acmthaster^ Qerv. 
Sub-Family 2. Mithrodiinae, with a small disc, usually five raya One 
madreporite; no interbrachial septa. Armed with large scaly spines. 
Qenus —MithrodiOf Gray. Sub-Family 3. Echinasterinae, with a small 
disc and five or six ray a Spines small and simple. No pedicellaiiae. 
Genera— Didyaster, Mason & Alcock ; Eckinoiter, Mull. & Tr.; Henricia^ 
Gray {syjL CribrellajAg .); PerknoAter^ Slad.; PlectoAter, Slad. Sub-Family 4. 
Valvastsrinae, with the marginal plates bearing large valvate pedi- 
cellariaa The disc is moderate in size, and there are five rays. Genus— 
Valvaster, Per. 

Family 11. Heliasteridae. Cryptozonia with opposite ambulacral 
ossicles and double interbrachial septa. The disc is large and bears 
very numerous short raya Sub-Family 1. Helianthabterinae. The 
abactinal skeleton is granular in the disc and bases of the arms ; at the 
arm tips it is tessellate, but the plates not in contact. Arms separate 
at their bases, so that the two sets of plates which form the interbrachial 
septa are separated by parts of the disc. Infero-marginal plates occur 
round the disc. Madreporite marginal. Genus —Helianthastery F. Roem. 
This includes two Devonian species, of which only one is adequately 
known, and is of somewhat uncertain affinities. It was originally 
regarded as an Asteroid, but Sturtz, in his latest description of its 
anatomy, referred it to the Euryalidae. Stui'tz’s specimens, now in the 
British Museum, show nothing to separate them from the Asteroidea, of 
which however they are very abnormal representativea The ambulacral 
plates are thin and L-shaped, but not crowded as in Heliaster^ while the 
abactinal skeleton is different. The species appears, however, to be a 
primitive form of the Heliasteridae, in which the arms do not occupy the 
whole margin of the disc, and are separated from one another through¬ 
out ; the ambulacral plates are not crowded, so that the podia are 
biserial. Sub-Family 2. Heliabterinae, with reticulate, abactinal 
skeleton and arms in contact with one another at their bases, there being 
no interbrachial spaces. Tlie ambulacral ossicles are crowded and the 
pores quadriserial. Genus— Heliader^ Gray. 

Family 12. Pedicellasteridae. Cryptozonia wiin opposite ambu¬ 
lacra! ossicles, a small disc and narrev sub-cylindrical rays. Podia 
biaerial The abactinal skeleton consists of narrow plates forming a 
quadrangular network. Genera — Coronaster^ Per.; Gattraster, Per. ; 
LyUuter^ Per.; PedicelUuUr, Sars. 

Family 13. Asteriidae. Cryptozonia with opposite ambulacral 
osticlea Podia quadriserial. Abactinal skeleton reticular and composed 
of small unequal plates. Genera (including sub-genera of AiUrias )— 
AtmUrioi^ Per.; Asterioi^ Linn.; CalvaiteriaSy Per.; CotcinoiUrias^ Verr.; 
Cemaderioif Slad. ; Dipliuteriai, Per. ; Hydratleria$, Slad.; LeptasteriMy 
Verr .; PodtutmaSy Per. ; Polyoiteriaiy Per. ; Pycnopodioy Stimps. ; Scisr- 
oiUriaiy Per. ; Smtloiteruuy Slad. ; Spara$teriaiy Per. ; UniophorOy Gray. 
The anatomy of Aiteruu is described on pp. 241-245. 

Family 14. Bribinoidae. Cryptozonia with opposite ambulacnl 
ossicles; marginal plates absent or rudimentary. Bays numerous and 
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sharply marked off from the disc. Abactinal skeleton absent, or present 
only on the ovarial regions at the bases of the arms. No intermediate 
actinal plates or interbrachial septa. Genera— Brisinya, Asbjornsen; (?) 
BriHngaster^ Lor.; Colpaster^ Slad.; Freyella^ Slad.; (?) GymnohrUingay Stud.; 
(?) Hymenodiscusy Per.; Lahidiastery Lutken ; Medusadery Sturtz ; Odinuiy 
Per. This remarkable family was originally founded for the genus Brisingay 
which has many primitive characters. The arms are small and sharply 
marked off from the disc. There are no ampullae connected to the podia; 
the generative organs consist of a series of small isolated glands along the 
arms. The genus was accordingly at first regarded as very primitive in 
structure and affording in some ways a link with the Ophiuroids. Later 
authors, however, such as Ludwig and Sladen, entirely repel this view 
and regard the Brisingidae as allied to the Asteriidae, and extremely 
specialised rather than primitive. Sladen concludes, ** In my opinion 
the Brisingidae are true cryptozonate Asterids, very nearly related to the 
Asteriidae, Pedicellasteridae, Heliasteridae, and P^chinasteridae, and prob¬ 
ably derived from a common ancestor, the divergence of form and the 
i)eculiaritie8 of structure now exhibited by Bridnga being the result of 
modification produced by the extreme isolation and the exigencies of 
the abyssal depths in which the family has existed” (48, p. 593). But 
in Uolpaster and Freyella the genital glands are limited to swellings 
at the base of the arms ; and although the arms are sharply marked 
off from the disc, at least six-sevenths of the arm has no extensions of 
either alimentary canal or generative organs. The arm-ossicles of Freyella 
tuberculata are identical in character with those of Ophiurhuiy and they 
differ from Ophiogeron only by the absence of adambulacral ossicles. 
Sladen gives no diagnosis of the class Asten)idea, so that it is not 
quite clear on what characters he would base the separation of Asteroids 
and Ophiuroids. But no known diagno.si8 of the Asteroidea would 
include Colpaster and Freyellay and exclude forms universiilly admitted to 
be Ophiuroids. If the more primitive types of Brisingidae are a recent 
degenerate offshoot from the Asteriidae or some allied family, then a type 
of structure, practically indistinguishable from that of the Ophiuroidca, 
has been twice independently evolved. It seein.s therefore that Perrier is 
probably correct when he i^egards the Brisingi«lae as the most primitive 
instead of as the most special of living Asteroids. 

The following fossil Asteroids arc not sufficiently known for determina¬ 
tion :— 

Calliadery Trautschold; CoeUuieTy Saiidb. non Agass.; CribrelliteSy Tate; 
Cnpuladery Fritsch ; Plumaslei'y Wright; TrichotaeteVy AVright. 


Sub-Class 2. Ophiuroidea. 

The Ophiuroidea form a sub-class of the Stelleroidea, including 
the sand-stars, brittle stars, and branching stars. The typical 
members of the class differ from the typical Asteroids by having 
the arms sharply marked off from the disc as appendages, and by 
not having a groove along the ventral side of the arms. These 
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differences are so important, anatomically, that the Ophiuroidea 
and Asteroidea are often regarded as distinct classes. Owing to 
the general external resemblance between the t\ro groups, the first 
naturalists who described them made no attempt to separate them. 
Thus Linck, who in 1733 (23) figured several Ophiuroids, 
included most of them, along with some Asteroids, in his genus 
Stella, The common British species, Ophiara ciliarisy Linn, sp., he 
named Stella laceriosa^ and Ophioderma longica%uia he described as 
Stella lumbncalis longicaiuhi. He, however, recognised that his grouj> 
“Stella^' must be broken up into several divisions, for he separ¬ 
ated Ophiothrix fragilis, 0. F. Muller sp., under the name of liomla, 
and the branching forms under the name of Astrophyton. Linnaeus, 
on the other hand, did not grant the Ophiuroids even generic 
distinction, and iricluded them all in the genus A stems. It 
was not until 1816 that Lamarck (21) definitely founded the 
genera Ophinra and Kunjale. De Blainville in 1834, L. Agassiz in 
1836, Dujardin in 1840, and Muller and Troschel in 1844, added 
greatly to the systematic knowledge of the Ophiuroids, which they 
retained in the order Stellerida. The hrst proposal to separate 
the group as one of the primary divisions of the Echinoderms was 
made by Forbes in 1840 (11); he founded the order “ Spinigrada ” 
for the Ophiuroids, while the Asteroids he named the “ Cirrigrada.” 
Gray, in 1840 and 1848, kept the two groups as separate orders, 
but united them in one class, Hypostoma. Since this date the 
view that the Ophiuroids arc a distinct class has been widely 
adopted 

The sub-class includes over one hundred genera, most of which 
are recent. The earliest fossil forms occur in the Ordovician, and 
representatives arc known from all later systems. 

The recent spiBcies have been described by many authors, 
especially by Bell, Diiben, Forbes, Grieg, Grube, Heller, de Loriol 
le Fort, Ljungman, Liitken, Lyman, Marenzeller, v. Martens, 
Mortensen, J. Muller, W. Peters, G. 0. Sars, Sladen, Stimpson, 
Studer, and Verrill. Lyman’s report on the ClaiUenger Collection 
is a complete synopsis up to 1882 (31). 

The fossil Ophiuroids are rare, and, as a rule, badly preserved. 
The literature consists mainly of the description of isolated 
specimens, as by £. Billings, Bdhm, Forbes, S. A. Miller, Pohlig, 
C. F. Soemer, H. Woodward, Worthen, and Wright. Stiirtz and 
Roemer have described the remarkable fauna from Bundenbach in 
Germany, and Salter that from the English Silurian. References 
to the American Palaeozoic species are given in Miller’s North 
American Geology and Paleontology. 

The first classifications of the Ophiuroids were artificial; the 
basis of a natural arrangement was laid by Ljungman in 1867 
(24). Previous to that date the group had been divided into 
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two families—the Ophiuridae, including the forms with simple 
arms, and the Astrophytidae, the members of which have branched 
arms. Raised to sub-orders and divided into families, these two 
divisions have long survived. In 1892 Bell (3) proposed a classi¬ 
fication into three orders, to which a fourth has been added to 
include some fossil forms (Gregory, 15). 

The first important contributions to the anatomy of the 
Ophiuroids were an account of the structure of the Euryaleae by 
Tj. Agassiz, and of the skeleton of various genera by Miillei 
(1854). Further researches have been carried out by Cu^not (1888) 
and Hamann (1889). The two authors, however, to whom we are 
most indebted are Lyman, who, in a long series of papers, has 
described the skeletal structures, and Ludwig, whose masterly 
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memoirs gave the first detailed account of the visceral anatomy. 
Genera of exceptional interest have been described by Bell, 
Ludwig, Simroth, and Sladen, to whom we owe memoirs 
respectively, on Ophioteresis, Trkhastery Ophiactis^ and Astrophiura. 
The development was first studied by Muller and Krohn (1851); 
Ludwig in several memoirs, and Apostolides (1882), Russo (1891), 
Cu4not (1892), and Bury, have studied additional forms with modern 
methods; while MacBride, in 1896, has shaken, if not destroyed, 
faith in the theory of the homology of the “calycinal” plates 
(p. 14) as taught by Lov4n, Carpenter, and Sladen. 

The body of an Ophiuroid, like that of an Asteroid, consists of 
a central disc, from which radiate several (generally five) arms (Fig. 
XIII.). The disc, however, is not formed, as it is in Asteroids, by 
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the union of the bases of the arms, but is sharply marked off 
from them, and they are attached to it as appendages; there 
is not, moreover, in the Ophiuroids the ventral groove of the sUr- 
fish. These characters, however, are not absolutely to be relied 
oil; thus in some species of Astroschema there is no sharp separa¬ 
tion between the arms and the disc; while in Ophioteresis (Fig. 
XIV.) the radial ambulacral vessels and nerve-trunks lie in shallow 
grooves on the ventral surface of the arms. 

An idea of the Structure of a tirpical Ophiuroid may probably 
be best obtained by the careful examination of a representative 
species, for which purpose the commonest English brittle star 
{Ophiura ciliaris, Linn, sp.) is a convenient type. 

This Ophiuroid consists of a round, flat, scale-covered disc, from 
which radiate five long, tapering arms. The Arms are composed 
of a series of jointed segments, each containing six plates. Two 
of these are fused together into a single “ vertebral ossicle,” and 



OphtoteiCut'’ (aft#*! Aboral .siirfaro of an nnn ossjc c; r/, tlic cluubip ilorsal ann-plnlen ; 
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a series of these forms the axis of the arm. The remaining four 
plates form an external tube round the vertebral ossicle. One 
pair occurs at the sides, and is known as the lateral arm-plates or 
shields. Another of the four plates lies above the vertebral 
ossicle, and is accordingly known as the dorsal arm-plate (or 
dorsal shield); the fourth lies on the lower surface of the arm, 
and is accordingly known as the ventral arm-plate (or ventral 
shield). Each lateral arm-plate bears seven short spines. 

The plates forming the central chain of the arm are known 
as ^Wertebral ossicles,” because, in typical Ophiuroids such as 
Ophiura ciliaris, they articulate by a series of knobs and sockets 
like the bones of a vertebral column. In a typical vertebral 
ossicle the two articular surfaces are very different; in the proximal 
or adoral surface (that nearer to the disc) the most conspicuous 
features are the prominent central umbo (Fig. XV. u) and two broad 
*4ower muscle fields” (Fig. XV. l.m) at the two lower angles. 
Above the umbo there is a narrow upper canal furrow ” (ti./), while 
a corresponding lower canal furrow ” (If) occurs between the two 
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muscle fields. Above the lower furrow there is a depression to 
receive a prominence on the distal face of the adjoining ossicle, and 
on each side of the depression there is a small knob, which similarly 
fits into depressions on the adjacent ossicle. On the distal or 
aboral surface there is a deep umbonal socket and also 

the prominence and two hollows already referred to; the two 
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lower angles are occupied by broad exixinded surfaces, under 
which pass the tubes of the podia (the surface on one side in figure 
is broken away to show the canal for the podion, r). 

Passing from the arms to the Disc, the skeleton is seen to 
consist of two sets of i)lates, one belonging to the external integu¬ 
ment, and the other to the oral system. 

The Oral Skeleton is complex. It may be most leadily con¬ 
ceived as resulting from the fusion of the elements of two segments 


in each of the arms. The entire oral 
skeleton surrounds the mouth, and con¬ 
sists of as many segments as there arc 
arms. Each segment is roughly triangu¬ 
lar in shape, the apex })ointing inwanls, 
and being separated by the deej) “ buccal 
fissures.’’ The principal element in each 
segment is a pair of ^^syngnaths” (Fig. 
XVI.), also known as oral angle-plates. 



l-'io. XVI. 


jaws, mouth-plates, sctUella oralui^ etc.; synKnatiis of opAmm 
the name syngnath is suggested for them, VoT’ ctrcmnl 

aa they consiet of two parts generally 
completely fused together. The larger 

piece of the syngnath is the mouth frame (m./), which unites with 
the corresponding plate of the next segment across the buccal 
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fissure. The smaller piece is the jaw, which unites with the jaw 
of the next arm to form the angle of the oral segment. Each jaw 
has a depression, in which rest the oral tube-feet, and is notched by 
a groove for the circumoral nerve ring. 

The union of two adjoining jaws is strengthened by a small 
plate at the apex, known as the “ jaw plate ” or /orws angularis. 
This plate supports the teeth, of which, in Ophiura ciliariSy there are 
five in each segment. A series of similar processes occur along 
the side of the jaw, projecting into the buccal fissure ; these are 
the oral papillae (mouth papillae or buccal papillae), of which, in 
Ophiura ciliaris, there are ten or more in each series. 

The angle between the two jaws of one segment is occupied by 
a shield-shaped plate, known as the “ buccal shield ” (oral plate, 
mouth-shield, or smtum huccale). These plates are interradial in 
position ; the smaller plates corresponding to them, but radial in 
)>osition, are the first ventral arm-plates. Between the mouth- 
frames and the bucciil shields are five \mrii of long, bar-shaped 
“ peristomial plates,” which cross the interradial spaces from arm 
to arm ; they cannot be seen from without, as they are covered 
by the shields, and by two plates beside the latter, known as the 
lateral buccal shields (or scuta adoralia). 

The oral skeleton of the Ophiuroid is therefore very difterent 
from that of the Asteroid. But both are formed by the modification 
of similar parts, viz. the ambulacral and adambulacral ossicles of 
the arm segments. In the Ophiuroid the supposed homologies of 
the principal parts are as follows : — 

Witebi-al (-aiubul.'iciitl arm-plates 

oBMcles). (-.ulnnibulacral OHNiclea). 

1 St arm segment )>cri«tomial plates jaws 

2n<l „ iiiouth-framc.s lateral buccal shields. 

The remaining elements in the skeleton of Ophiura belong to 
the exoskeleton. On the upper or aboral side of the disc there are 
five pairs of large and somewhat pyriform plates known as “ radial 
shields ” (Fig. XXIII. r.s). Between them are a few smaller plates, 
and the rest of the disc of 0. ciliaris is covered with small, 
irregular, imbricating scales. 

On the lower surface of the disc there are two pairs of long, 
thin plates beside the bases of the arms. A narrow cleft, the 
** bursal slit ” (known also as the bursal aperture, genital slit, 
genital cleft, and ovarian aperture), separates these plates. This 
slit leads into the bursal cavity, into which the generative products 
are discharged from the gonads. Of the two bar-like plates 
bounding the bursal slit, the larger is the ** genital plate,” and the 
smaller is the ** genital scale.” 

The Alimentary Canal of the Ophiuroids is simpler than in 
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either Asteroids or Echinoids. The mouth is situated in the centre 
of the lower surface of the disc, and from it the buccal fissures 
radiate. The mouth opens to a short oesophagus, above which 
is a large digestive sac, occupying nearly the whole cavity of the 
disc. Neither anus nor diverticula along the arms are present. 

The Water-vascular System consists essentially of a circum- 
oesophageal ring which gives rise to five radial vessels bearing tube- 
feet, and five vesicles, one of which communicates with the exterior. 
In Ophium ciliaris the circumoesophageal ring lies over the syn- 
gnaths, through which pass branches (Fig. XVII. o,v) leading to 

o.i. t. 
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the mouth-tentacles (o.f); radial vessels run along the under sides 
of the arms. In each of four of the interradial (or interbrachial) 
spaces there is a ‘*polian vesicle’’ (p.v); in the fifth interradius there 
is a short expand^ stone-canal (Fig. XVIII. s.c) which opens to the 
exterior by a single madreporite on a buccal shield. The radial 
vessels lie in the lower canal furrows of the vertebral ossicles (Fig. 
XV. If); branches from the radial vessel pass through the vertebral 
ossicles; they emerge at the lower angle of the ossicle, and the 
podia pass to the exterior through a space between the shields. 
There are no ampullae, but the flow of water is regulated by 
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valves. There are no suckers, so the poclia are useless in loco¬ 
motion. 

The Nervous System of Ophiura ciliaris consists of a circuni* 
oesophageal ring, from which radiate five radial nerve trunks (Fig. 

XVII. r.fe.n and r.n); it also gives 
oil* small branches to the oral ten¬ 
tacles, teeth, and oral muscles. The 
radial nerve trunks consist of two 
separate nerve bands, one above the 
other, both lying in the “ epineural 
canar' (Fig. XXI. e.rji and i.r.n). 
The two nerve bands are not con¬ 
nected, though situated very close 
to one another. Both radial nerve 
trunks thicken into ganglion-like 
swellings, of which there is one in 
each arm segment. From the ganglia 
of the upper or internal nerve band, 
branches are given off to the muscles 
between the vertebral ossicles. 

Kio. XVIII. From each ganglion of the lower 

Water-vaacniariniKof Oii/unraniian.-.. or external iierve trunk, two pairs 

K./j, branch to oml tentacles; r.o.p, circMin- ^ • n* • 

oeHopliaKoal Acssel; nt, nmdreporite ; p.r, OI uervCS are given Oil ^ One pail* 

’ supplies the tentacles, and the Other 
the integument and spines. 

The last element in the Ophiuroid nerve system consists of a 
‘‘genital nerve ring,” which lies along the “aboral circular sinus.” 

Respiration in the Ophiuroids is eft’ected only by the walls of 
the bursae, and by the podia. 

The Reproductive Organs consist of a series of small [lear 
shaped gonads (Fig. XIX. tj) which do not open directly to the 
exterior, but into the bursae, where, in some cases, the development 
takes place. In Ophinnt there are more than forty gonads to each 
bursa. 

The Coeloinic Sinus. There appeals to be no true blood- 
vascular system in the Ophiuroids; the vessels which have been 
described as such are connected with the axial sinus, and are there¬ 
fore coelomic spaces and not vessels (MacBride, 32, and Russo). 
The axial sinus (Fig. XX. x.s) is the most important; it is the space 
through which runs the stone-canal, and it contains a gland in con¬ 
tact with the stone-canal, which is known as the “ ovoid gland or 
axial organ ” {x,o)y (see p. 23). From the upper end of the axial 
canal runs the “ aboral circular sinus.” The course of this sinus 
is very sinuous: above the arms it is aboral in position, but 
beside the arms it bends downwards until, in the interradii, it 
is quite ventral in position. The main sinus passes on the inter- 
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radial side of the bursae, and sends off a branch along the radial 
side of each bursa. The parts of the sinus beside the bursae bear 
the gonads. 



Fi«. XIX. 

GoiiaUrt ('j) uml bursae (b) of Ophioyli/i^ha albUht. (Aflor Ludwig.) 


Arm Structure, As we have seen, there are no prolonga¬ 
tions of the digestive or reproductive organs in the arms, 
while branches of the nervous and water-vascular systems run 


along the ventral side between 
the vertebral ossicles and the 
ventral arm-shields. It follows 
therefore that the vertebral 
ossicles are directly supra- 
ambulacral, and are homologous 
with the ambulacral ossicles, 
and not with the supra-ambu- 
lacral ossicles of such Asteroids 
as Astropeclen, A transverse 
section across an Ophiuroid arm 
is shown in Fig. XXL (cf. p. 15). 





Diagraiiiinatic Miction through oral r^ioti of 
Ophiuroid (after MacDride). umo, ainnufla ; h, 
buraa; t.iii, interradial muacle or the aiac; u.s, 
genital sinus; p.r, genital rhachia; mouth: 

madreporic pore; n.r. circumoesophageal 
nerve ring; u.f, peristomal sinus; stone 
canal; teetn; w.v.r, water-vascular ring; r.o, 
axial organ; axial sinus. 


From such a type as Ophiura 
ciliariSy with its smooth, flat, 
circular disc, its irregular, scaly 
plates, its comparatively short, 
straight, unbranohed, and regularly tapering arms, there are many 
striking doTiationa, both in aspect and structure. 

The Ezoskeleton may be either more or less complete than in 
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Opkiuta, The most important addition to the plates found in that 
genus is formed by the plates of the so-called ** apical system.’’ 
In some species, such as Ophiomusium validum^ there is a central plate 



Fio. XXI. 


Diftgramittatic sectioii through ann of Ophiuroid. hr.c, dorsal branch of brachial coalomic 
Mystam; dorsal arm-plate; a, external radial nerve: ^.r.a. internal radial nerve, l.f, 
lateral arm-plate; pd, po<iion; ^xLn, podial nerve: r.e.e. radial epineural canal, and r.p.e, ladiiil 
pseodhaeinal canal, tether forming ventral branch of the brachial coeloinic system ; r.v, nidial 
vessel; t>.o, vertebral ossicle; r.s, ventral anii-plate. 






surrounded by three circlets, each of five plates; these were once 
regarded as homologous with plates in Asteroids and Crinoids, and 
therefore named the infra-basals, basals, and radials. In some 
species, such as Ophumitra exigm, the two circlets of radially situated 

plates are absent, and only the 
central and basal plates are 
present. In Ophiocrene and 
Ophiura convexa^ Lym. sp., there 
are only the central plate and 
the radials; in Ophiura minuta^ 
Lym. sp., there are the central, 
radial, and basal plates. The 
last possible combination occurs 
in a species of Pedinura (Fig. 
XXII.), in which the two circles 
of plates round the central have 
been described as the radials 
and infra-basals. In some other 
forms, such as Ophioeeramu 6b^ 
stricta^ Lym. (Fig. XXIIL), there 
XXII. ^ remarkable uniformity in the 

DoniiptetMori>M<i»i«m,cp. (After Bell.) on the dorsal aspect, but 

these are not arranged on the 
ealicular plan. In some other cases, such as Ophiura inomata^ Lam. 
sp. (Fig. XXIV.), there are two ** infra-basal ” plates side by side 
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below each radial. The genus in which these supposed calycinal 
plates most resemble a Grinoid cup is the genus Ophiopyrgus 



(Fig. XXV.), ill which the dorsal side is raised into a conical 
projection. 

The irregularity of these “ calycinal plates'' both in develop- 



Viu. XXIV. 

Abaetiiml plate* of iliec of Ojfkiura iuot'nata (Laiii.> e, central, r.«, radial ahielda. 


ment and arrangement discredits their supposed homology with 
the three circlets of plates in the calyx of a Grinoid. It is only 
natural that among the many variations in the grouping of the 
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dorsal plates of Ophiuroids, that one or more pentamerous rings 
should be more conspicuous than the rest. 

In the previous cases the dorsal plates of the disc are more pro¬ 
minent than in Ophiura. In some other Ophiuroids, however, these 

plates are less important. 
Thus the radial shields may 
be buried beneath the in¬ 
tegument, or may be absent 
altogether, as in Neoplax; 
the remaining plates may 
also be reduced to scales 
or small granules embedded 
in a soft integument, as in 
the Gorgonocephalidae. 

Variations in the Arm 
structure offer important 
indications as to the affinity 
between Ophiuroids and As¬ 
teroids. The differences be¬ 
tween such types as Ophiura 
and Asterias are very great; 
but many intermediate 
stages occur between these 
extremes j and in the case of some extinct genera it is doubtful 
to which sul>-cla8s they belong. 

The vertebral ossicles of some existing deep-sea Ophiuroids, such 
as Ophiogeroh (Fig. XXVI.) or Ophiohelus (Fig. XXVII.), consist of 
two separate bars similar to the arabulacral ossicles of Asteroids. The 
same arrangement holds in some fossil .species, such as Lapwoiihura 
MUtoni. A further approximation to the arm struc¬ 
ture of Asteroids occurs in some genera from which 
the ventral arm-plates are absent. The radial water- 
Viiscular vessels then lie along open grooves, as in the 
Asteroids. This condition is found among recent 
Ophiuroids in the genus Ophioteresis^ and among fossil 
members of the class in the extinct Lysophiurae. 

In such cases it is generally easy to recognise that 
the lateral arm-plates are homologous with the adam- 
bulacral plates of Asteroids, a point also well shown by 
the living Ophioteresis (Fig. XIV.) 

The lateral arm-plates, though often smaller than 
the ventral or dorsal arm-plates, are morphologically 
the most important. They are always present, except when the 
arm is covered by a soft or granular integument, as in the 
Qadophiurae and some genera of Streptophiurae. 

The dorsal arm-plates vary more than either of the other sets. 



a 


Fio. XXVI. 

Ami - pifttes of 
Ophiogtron 9 upl> 
nuf (iiiacnifled). 
a, ambulMral 
plate; l.a.v, lat¬ 
eral aim-platei: 
n, flpine. 
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They are double in Ophioieresis and Ophiomyxa pentagona, are split up 
into several pieces in Astrosehema (Fig. XXVIII.), and into a mosaic 
of small plates in Hemiewyale ; or they are absent altogether from 
many genera, such as Neoplax^ Ophiobyrsa, Protaster, Lapworthwra, 


tLa,p- 



Fi«i. xxvn. 

Anii pltttes of Ophioheliut umbnUa, l.a.p, lateral anu^plates; d.a.p, dorsal arin>plates; 
a, aiubulacral plate; s, spmes. 

Another character by which the recent Asteroids and Ophiuroids 
differ is the alternation of the ambulacral ossicles in the former, 
whereas in the latter the pairs are opposite. The Palaeozoic 
genera, however, also bridge this gap, as 
in the order Lysophiurae the ambulacral 
ossicles are alternate as in the Asteroids. 

This is shown in the arm structure of 
Fdlaeophiura, 

While Protaster and its allies on the 
one hand approximate to the Asteroids, 
another group of Ophiuroids has arms which 
appear more like those of Crinoids. In 
Ophiura the arms are fairly straight and 
only capable of a limited movement in a 
horizontal plane, for the vertebral ossicles 
are zygospondyline,*’ i,e. are attached to 
one another by a series of knobs, closely 
fitting into sockets {e.g. Fig. XV.) In the group of the Strepto- 
phiurae much more play of the arms is possible, as the ossicles are 
**strepto8pondyIine,” i.e. articulate by simple ball-and-socket joints. 



Fio. XXVIII. 

Tlie external anu-platea of a 
•egment of (after 

Lyman), v.o, ventral arm* 
plates; e.a.p, lateral arm-plates; 
the remaining six plates re* 
preeent the dorsal ann-plates. 
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without lateral pits and processes (Fig. XIV.); while in the Clado- 
phiui'ae the ossicles articulate by hour-glass shaped surfaces (Fig. 
XXIX.), and the four external shields are replaced by a soft, 
granular integument; in this group the arms are therefore capable 
of movement in any direction, the arms frequently being able to 
coil round any support, as in Astroschema. A further ch«inge is 



Fi... XXIX. 

Ailicular of xfitebml OHsicles of .I'//*'-! In um 


introduced by the branching of the arms; this occurs in two 
groups of the CladDi)hiurae, viz. in the Trichasteridae, in which 
the arms branch a few times at their free ends, and in the Gorgonu- 
cephalidae, in which the arms branch repeatedly (Fig. XXXII.). 

The Oral Skeleton of most Ophiuroids is on the same plan as 
that of Ophuira; the details however differ considerably. The 
nature of the parts is shown very clearly in some Palaeozoic 
genera, such as Sinrizura. The apparatus here consists of a 
syngnath, apparently composed of the plates of only a single arm 
segment; one of the plates of the central 
vertebral pair is elongated to a bar, and forms 
the mouth-frame, which is therefoie cleiirly 
ambulacra!. The jaw plate atUiched to this 
mouth-frame is the adambulacral plate of the 
same segment, while the teeth upon this are 
homologous with spines. 

In many recent Ophiuroids there is an 
element in the armature in addition to those 
of Ophiura ; this is the set of ** dental papillae 
which are situated at the oral ends of the jaws 
and project toward the mouth above the 
teeth. 

In Ophiura and its allies there are no 
Pedicellariae, but a very primitive type of 
them occurs in the Cladophiurae, as in Tri- 
chaster (Fig. XXX.). 

Turning to the internal anatomy we find the 
most important changes in connection with the Water-vascular 
System. In many genera of the Cladophiurae there is more than one 
madeprorite, of which there may be one in each interradius. In 





Fio. XXX. 

Pedicdlftris of 
dkofffr dtgaiu, ^ hook; 
«, Item ; o.ii», r.m, oeclimor 
end retiietor moiclM. 
(After Ludwig.) 
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TrichasUr the stone-canals are thus repeated, but there is only one 
madreporite. A repetition of the stone-canals also occurs in 
OphiadiSy in which the value of this character is apparent, for the 
animal reproduces by fission; in the same genus there are also 
several Polian vesicles in each interbrachial space. In development 
the water-pore of recent Ophiuroids originally opens on the dorsal 
surface (Bury, 6, pp.422, 423, pi. xxxvii.f. 2), and then works round 
to the ventral side, where it becomes attached to an oral plate. 

The Alimentary System remains very simple in all the Ophiuroids, 
consisting simply of a large chamber, divided into a series of short, 
blunt, sac-like protuberances by radial constrictions of the walls. 

Respiration in the Ophiuroids is generally effected by the 
genital bursae and the podia; but when the bursae are absent, 
their place may be taken by an extra series of Polian vesicles, as 
in Ophiactis; or the general body-cavity maybe used both for the 
protection of the ova and for respiration, as in Gorgonocephalus. 

Reproduction.—The genital bursae in some Ophiuroids also act 
as brood chambers; the eggs pass through all stages of development 
in them, and such Ophiuroids are therefore viviparous; Amphiura 
squamaia and Ophioniyxa vivipara are examples of this condition. 
Asexual reproduction occasionally occurs in Ophiuroids either 
normally by fission, as in OphiactiSy or abnormally by regeneration 
of lost parts when the disc of an Ophiuroid is cut into halves. 
Broken arms are readily replaced, but a broken arm cannot 
reproduce a complete animal as can be done in the Asteroids 
(Semon and Ludwig). 

The Development of the Ophiuroids agrees in the early stages 
with that of the Asteroids, but the larval form is a Pluteus (p. 6) 
and not a Bipinnaria (p. 5). It, therefore, in this stage oilers a 
greater resemblance to the larvae of the Echinoids than of the 
Asteroids. There is no doubt, however, that this larval form is 
a secondary development and does not represent any stage in 
phylogeny of the group; it therefore does not indicate any 
affinity with the Echinoids. 

Distribution.—The Ophiuroids range from shallow and estuarine 
waters to abyssal depths. Their distribution in space is wide, 
species such as Ophiocten sericeum occurring at 80^^ N. latitude ; but 
the largest forms are tropical. The order was first represented by 
species of Protasier from Ordovician rocks. Representatives of the 
Lysophiurae and Streptophiurae occur in the Silurian, Devonian, 
and Carboniferous strata; Zygophiurae begin in the Trias; and 
Cladophiurae in the Jurassic. 

On the characters ducussed in the preceding pages may be based the 
following Diagnosis of the Snh-Olass : ^—^The Ophiuroidea are ** eleuther- 
osoiei” ** aoUnogonidial,” and lysactinio,” Echinoderms which usually 
^ Smended from Bell (4), p. 215. The tenns are eiplained anlM, p. 237. 

i8 
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have no ambulacral groove. The arms are generally sharply marked off 
from the disc, are generally five in number, and are sometimes elaborately 
branched. The digestive system, which is aproctous, and the generative 
system are both confined to the disc ; so also is the special respiratory 
apparatus which takes the form of deep clefts. 

This diagnosis at once indicates that the Ophiuroids are more nearly 
allied to the Asteroids than to other Echinoderms, for both classes are 
actinogonidial, eleutherozoic, and lysactinic. Moreover, neither of the 
main characters which separate the two classes hold in all cases; for in 
Ophxoteresis and Protaster there is a ventral groove, and in some species of 
Astroschema the arms pass gradually into the disc. Similarly the 
Asteroids of the family Astropectiuidac have no anus; and the Ophiuroids, 
Gorgonocephalus and Ophiactis^ have no genital bursae. 


Order 1. Lyaophiurae, Gregory (1897). 

Ophiuroidea in which the ambulacral ossicles are alternate, and are 
not united into vertebral ossicles, but those of each segment are separate. 
There are no ventral arm-plates, and the ventral side of the arm is 
occupied by an ambulacral furrow. 

This order includes a group of fossil Ophiuroids, in which the arm 
structure is asteroid in plan, for there are no vential arm-plates; there is 
an ambulacral groove ; and the ambulacnil plates are in alternate pairs. 
The members of the order differ from the Asteroids by having the arms 
sharply marked off from the disc, and the alimentary canal was doubtless 
confined entirely to the disc. 

Family 1. Protasteridae. Lysophiurae with boot-shaped ambulacral 
ossicles, each composed of a body ” in the median line of the arm, and a 
lateral “wing” at right angles to it. Genera— Protastei'^ Forbes, and 
Banderihackia^ Sturtz. There is a well-marked scale-covered disc and 
five flexible arms. The axial portion or “body” of each ambulacral 
ossicle is marked off into two parts by a depression which probably served 
for the attachment of powerful ventral muscles. Stout adambulacral 
plates occur in all the members of the family, and support lateral spines. 

Family 2. Palaeophiuridae. Lysophiurae in which the ambulacral 
osaicles consist of a bar-shaped or subquadrate “body” without wings. 
Genera— Sturtzura, Greg.; Eugaster^ Hall; Ptilonaster^ Hall; Taeniura^ 
Oreg.; all Silurian ; and the Devonian Palaeophiura^ Sturtz. This family 
is characterised by its alternate rod-shaped ambulacral ossicles, shown in 
PaUuopkiura lymani^ Sturtz. 

Order 2. Straptophiorae, Bell (1892). 

Ophiuroidea in which the ambulacral ossicles are opposite, and generally 
united to form vertebral ossicles. In such cases the vertebral ossicles 
articulate with one another by means of a more or less simple ball-and- 
socket joint. The covering plates are more or less regularly developed as 
superior, inferior, and two lateral, the last of which hUt spines. 
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The diagnosis o£ this order is necessarily vague, as it includes 
a series of simple forms, among which there are great divergences in 
structure. One living genus included in this order has no ventral 
arm-plat'^s, but a small ambulacral furrow, and thus agrees with the 
Palaeozoic genera, for which Sturtz in 1885 proposed the family Ophio- 
encrinasterioe. The main character of the order is the simple articulation 
of the arm ossicles. The ambulacral plates are always opposite instead of 
being alternate, as in the Lysophiurae. In some of the most primitive 
genera the two ambulacral ossicles in an arm segment are separate, as in 
Ophiurinaf or incompletely joined, as in Ophiohelus, In the Lapworth- 
uridae they are firmly united, and in the recent genera Ophiomym and 
its allies they are 8))eciali&e(l into definite ambulacral ossicles, with a 
simple balband'Socket articulation. 

Family 1. Ophiurinidak. Streptophiurae without ventral arm-plates 
and with separate ambulacral ossicles. Genera— Ophiurina, Sturtz, 
Devonian. TremaJtaster^ Worthen & Miller. 

Family 2. Lapworthuridae. Strepto¬ 
phiurae without ventral arm-plates or buccal 
shields. Ambulacral ossicles fused, but their 
articulating surfaces are plain. Genera— Lap- 
xvortkura^ Greg., Silurian, W. of England ; Fur- 
caster, Sturtz; Palastropecten, Sturtz. The oral 
armament is typically Ophiuroid. The struc¬ 
ture in the genus Furcaster is shown in Fig. 

XXXI.; mouth-frames, small jaws, jaw plate, 
and teeth are all present. 

Family 3. Eoluididae. Streptophiurae 
with ambulacral ossi^es united to form verte¬ 
bral ossicles. Ventral arm-plates present, 
but there are neither buccal shields nor 
dorsal arm-plates. Genera— Eoluidia, Sturtz ; 

Eospondylus, Greg. ; Miospondylus, Greg.; 

Aganaster, Miller & Gurley (syn. Ophiopege, 

Bohm); Cholaster, Worthen & Miller. 

Family 4. Onychasteridae. Strepto¬ 
phiurae with well-developed vertebral ossicles, 
and very flexible, unbranched arms. There 
are no external arm-plates, the integument only containing granules. 
Genus— Onyehaster, Carboniferous, Illinois, has previously been included 
among the Euryalid group, but its ambulacral ossicles (as shown by Meek 
and Woilhen^s later figures, GeoL Surv, Illinois, voL v., 1873, pL xvL 
fig. 3d) are Streptospondyline. 

Family 5. Eucladiidae. Streptophiurae with contorted branching 
arms. Five pairs of large plates round the centre of the side exposed in 
the fossil have been regarded either as jaws or as radial shielda Madre- 
porite on same side as the plates. Arms have no external arm-plates but 
a granular integument The type-species, Eucladia Johnsoni, was care¬ 
fully figured and described by H. Woodward in 1869. Owing to its 
flexible, branched arms, and soft integument, it has generally been 



Furaxster palafozoicus, Sturtz, 
showing skeletal elements of the 
arms and oral armament, oef, 
adambuiacral ossicles bearing 
spines; am, ambulacral ossicles; 
j, jaw; jf.p, Jaw plate; mj, mouth- 
frame ; (, teeth. (After Sturts.) 
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regarded as an ally of EuryaU^ but some authon have ui^ its removal 
to tbe Asteroideai ascribing a dorsal position to the madreporite. It is 
no doubt in external appearance more like tbe Cladophiurae than tbe 
Streptopbiurae, but tbe external resemblance to Euryale is probably due 
to homoplastic modifications. 

Family 6. Thb living STRXPTOPHiURAXi No attempt bas yet been 
made to arrange tbe living Streptopbiurae into families, and this cannot be 
done with advantage without further knowledge about several pointa Some 
of the most remarkable genera are known only by single specimens, 
which are very small and probably immature, ojpku^lut and C^iotholia 
present a certain resemblance to the Lysophiurae in tbe structure of tbe 
ambulacral ossiclea Ophiogeron, with its long, rod<shaped, ambulacral 
ossicles lying in opposite pairs, is much like Ophiurina^ but the evidence 
available at present is insufficient to justify its inclusion in tbe Ophiuri- 
nidae. Hence it is advisable at present to leave the living Streptopbiurae 
arranged according to Beirs scheme (3). When the classification is 
attempted, probably Ophiotereiis will form one family, and Ophiosciatma 
another; Hemieuryale^ Sigsheta^ Ophiochondrui^ and Ophiomyca may con¬ 
stitute a third. 

A. No under arm-plates— OphioierUis^ Bell. 

B. Under arm-plates imperfect— Ophiosciwina^ Lym. 

C. Under arm-plates moderate or well developed. 

a. No upper arm-plates—I. No radial shield — Neoplax; Ophtoheluif 
Lym.; Ophiotholiay Lym. (?). II. Radial shields present— 
Ophioicolex, Mull. & Trosch.; Ophiamhix, Lym. ; OpKiogtron^ 
Lym.; Oj^iohyrta^ Lym.; Ophiomyxa (pars), Mull. & Trosch. 

P, Upper arm-plates minute or formed of scattered plates— Ophio¬ 
myxa (pars). Mull. A Trosch.; Ophiomyceo^ Lym.; Ophiochondrus^ 
Lym. ; Hemieuryale, Martens; SigsbeWy Lym. 


Order 3. Olndophiuraa, Bell (1892). 

Opbiuroidea in which the vertebral ossicles articulate with one another 
by means of hour-glass-shaped surfaces (Fig. XXXIII.), and are covered 
by granular deposits in tbe thick int^ment The arms may be simple 
or branched repeatedly. 

Family 1. Astrokycidax. dadophiurae with simple unbranched 
arms. Group 1. With large disc— Aitroioma, Lym.; Aitromyxy Milll. 
A Trosch.; AitrodieUy Verr. Group 2. Disc of medium size —AttrogomphWy 
Lym.; Adroporpa, Oersted A Ltttken. Group 3. Disc small —OphiocrecHy 
Lym.; Adrotdrnnoy Oerst. A Lfitk.; Adroaraiy Lym. Family 2. 
Tbichastxridai. Cladophiurae with arms branching a few times near 
their free enda Genera, recent —Trichadiry L. Ag.; Adroclmy Lym.; 
Aiiroeniday Lym. Fossil —Adrocnidoy Lym. Family 3. Goboonocxpha- 
IIDAX. Cladophiurae with arms branching much and from their base. 
Swryaky Lam.; GoiponoeijAafiii, Lym.; AsercpAyton, Ag. (Rg. XXXIL) 
OjAAocroMy Bdi 
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Order 4. Zygophiurma, Bell (1892). 

Ophiuroidea in which the movement of the ossicles on one another is 
limited hy the development of lateral processes and pits. Superior, 



Pio. xzxii. 

^ifrofAylos liiMU. Abnctiml turfkce. (From Wyv. Thomson.) 

inferior, and lateral spine-bearing arm-plates are always present The 
arms are simple and cannot coil round straight rods. 

Family 1. Opbxodirmatxdax. Zygophiurae with oral papillae 
numerous, and none infra-dental Arm incisures on the disc. Dental 
papUlae absent Oenera^OfAiodsmHi, Mull. & Trosch.; Peters; 

Mull & Trosch.; OphiocoUa, Liitk.; (^toeonif, Liitk.; 
j)iw5, Lym. ; Ophiogona^ Stud.; (T) OphwpyrguMy Lym.; Ophiapymi^ Lym. 
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Family 2. Ophiolepididae. Zygophiiirae with oral papillae from 
three to six, of which the last may be infra-dental. Arm incisures on the 
disc. Dental papillae absent. Genera— Ophiolepis^ Mull. & Trosch. ; 
Opktocten, Liitk.; Ophiura^ L. Ag.; Ophioglypha, Lyra.; Ophioceramis^ 
Lym. ; (?) Ophtochiton, Lym.; Ophiopaepale, Lyin.; Ophiozoiia, Lym. ; 
OpkioplinthWy Dan. ; Ophiernu&y Lym.; Amphiglyphay Pohl.; Geocomay 
d*Orb, 

Family 3. Amphiuridae. Zygophiurae with oral })apillae from one 
to five, of which the last is generally infra-dental. Arms inserted on 
ventral side of disc. Dental papillae absent. Genera— Amphiuray Forbes; 
Ophioaiiday Lym.; Ophiomusiumy Lym. ; OphiopeltiSy Daniels, k Kor.; 
Opkiocentrus, Ljung.; Arnphilepi% Ljung.; OphiolepiSy Lym.; OphiomartuSy 



Absctioal view of conii/erat Lym. c, central plate; r, platen of radial circlet. 

Lym.; Ophiophyllumy Lym. ; Ophiotrockuty Lym. ; Hemipholisy Lym. (Fig. 
XXXIll.); Opliiactisy Liitk. ; OphiopuSy Ljung. ; Ophiopholisy Lutk. (Fig. 
XIII.); Oj^iacatUhay Mull. & Trosch.; Ophiotremay Koehl.; Pectinuray Heller 
(non Forbes); Ophioplocuiy Lym.; Ophionereisy Lutk.; AmphipholUy Ljung.; 
OphiophragonvSy Lyin.; Ophiottigmay Lutk.; Ophiohlennay Liitk.; Ophuh 
cymbiumy Lym. ; Opkiochytray Lym. ; OphioUbeSy Lyra. ; Ophiomitniy Lym. ; 
OphioeamaXy Lym. ; Ophiothavmuty Lym.; AcrourUy Ag.; Aspidura, Ag.; 
Hemiglyphay Pohl.; Polypholisy Dune. 

Family 4. Ophiocomidae. Zygophiurae with both oral and dental 
papillae. Genera —Ophiocemay L. Ag. ; OphiomaHtx, Miill. k Trosch.; 
Ophiarthrumy Pet; Ophiopsilay Forbes ; OphiopteriSy R A. Smith. 

Family 6. Ophiothricidae. Zygophiurae with dental papillae, but 
no oral papillae. Genera— Ophiothrizy Mull. & Trosch.; OphiocnemiSy Miill. 
& Trosch.; Opkiogymnay Ljung.; OphtonemOy Liitk.; Ophionephthysy Liitk.; 
Opkiomazoy Lym.; OphioGulayyerr.; Ophioptammiumy Lym.; Ophioptmtiy 
Ludw. ; (?) Ophiurdloy Ag. 
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CHAPTER XV. 


THE ECHINOIDEA.* 

CLASS III. ECHINOIDEA. 

Sub-Class 1. Regularia Endobkanchiata. 

Order 1. Bothriocidaroida. 

„ 2. Cjrstocidaroida. 

„ 3. Cidaroida. 

„ 4. Melonitoida. 

„ 3. Flesiocidaroida. 

Sub-Class 2. Regularia Ectobranchiata. 

Order 1. Diademoida. 

Sub-Order 1. Calycina. 

„ 2. ArWina. 

„ 3. Diademina. 

„ 4. Echinina. 

Sub-Class 3. Irregularia. 

Order 1. Onathostomata. 

Sub-Order 1. Holectypina. 

„ 2. Clypeastrina. 

Order 2. Atelostomata. 

Sub-Order 1. Astemata. 

„ 2. Stemata. 

Knowledge of the Echinoidea or Sea Urchins is more complete 
than that of any other of the classes of Echinoderma. The 
class is widely distributed at the present day, members of it 
living in seas of ail parts of the world and at all depths. It is of 
great antiquity, and fossil Echinoids occur abundantly in rocks of 
all periods since the Devonian, while a few are known from that 
system and from the Silurian. Moreover, as the classification of 
the Echinoids depends either upon the skeleton, or upon structures, 
the characters of which can be inferred from those of the skeleton, 
the systematic position of a fossil can generally be determined with 
as much accuracy as that of a recent specimen. 

> By J. W. Qnsory, D.Se. MS. etoMd st «nd of 1896. 
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The very varied habits of the Echinoids further increase the 
value of this class. Some sea-urchins burrow into sand, and others 
bore into rocks. Some seek the shelter of rock-pools or the quiet 
of a muddy sea-floor below the limit of tidal action. Others 
cling to rocks between tide-lines, choosing the positions that are 
most exposed to the buffeting of a tropical surf; others again 
crawl over, or lie half-buried in, the ooze of abyssal oceanic 
depths. Some feed on algae; others swallow mud and live 
on the organic matter it contains. Of some the young develop 
directly, of others indirectly, the latter undergoing a metamor¬ 
phosis during development. The modifications in structure by 
which Echinoids are able to adapt themselves to these different 
habits are so well marked, that the conditions under which fossil 
sea-urchins lived can generally be determined. Hence the group is 
of great value to the geologist. Such rich series of Echinoid faunas 
are known, that the life-history of the class can be written with 
greater completeness than that of any other group of Echinoderms, 
and as com])letely as that of any class in the animal kingdom. 

Little, however, is certainly known as to the relations of the 
Echinoidea to other Echinoderms. The group is so compact and 
well marked, that the distinction between it and the other classes 
was known to Aristotle, and has never been in doubt. Moreover, 
the class has been as well defined as it now is since Silurian times. 
The recognition of the sea-urchins as a distinct group of Echino¬ 
derms is, therefore, as old as zoology. A sketch of the history of 
work upon the Echinoids need only consider the determination of 
the main points in their anatomy, life-history, and classification. 

The earliest account of the natural history of the sea-urchins 
is in Aristotle’s History of Animals, wherein the common edible 
species of the Mediterranean {Echinus esculenius) is described 
with considerable accuracy. Aristotle called this animal Echinus 
(Kxtros), the Greek for hedgehog, a term subsequently given to the 
best known genus, and used as the root of the name for the class. 
In the same book three other types of sea-urchins are mentioned, 
viz. Brissusy SjHitanguSy and Echinomeira ; and these names are 
still used in Echinoid nomenclature. Aristotle’s account shows 
that he had studied both the habits and anatomy of the animals; 
thus he knew that Echinus could walk upon the tip of its spines, 
had five teeth, five unpaired ovaries, a pharynx, and stomach. In 
mediaeval times Echinoids were described by Rondelet (1554) and 
Aldrovandus (1606 and 1648); but it was not till the beginning 
of the eighteenth century that any observations of scientific value 
were published. The first important post-classical contributions 
to the subject were the works of Breynius (1732) and Klein 
(1734). The former in his De Echinis et Echinitis, and the 
latter in his Naturalis DisposUio Echinodei'matum, figured and 
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described many genera and species of Echinoids; but, as their 
names were not binominal, they are not accepted. Gualtieri in 
1742, and Seba in 1758, used the names and methods of their 
predecessors, and described additional species. In the latter year 
Linnaeus adopted the binominal system of nomenclature in the 
tenth edition of his Si/s(erna Naturae^ but in other respects his 
treatment of the Echinoids was retrograde. He accepted sixteen 
species; but although among these there were such different types 
M Echinus esculerUvSf CidariSy Echinometray ColobocentrotuSy ArachnMcSy 
ClypeasteVy etc., he included them all within a single genus. He 
thus threw back the study of Echinoids for twenty years. It was 
not till 1778 that Leske (48) reintroduced the sound system of 
work adopted by Breynius and Klein, which had been discarded by 
Linnaeus. Leske’s edition of Klein, with his own “ Additamenta,” 
therefort forms the real starting-point of systematic Echinology. 
No important advance from this was made until the publication 
of Lamarck’s Histoire Naturelle des Animaux sans Veii^bi'ts in 1816. 

From this date progress was rapid; ^ the principal contribu¬ 
tions being made by Gray (1825), de Blainville (1830), Desmoulins 
(1837), L. Agassiz (1836, 1840, 1841, 1842), and Desor (1842). 
In 1846 and 1847 the last two authors published a complete 
synopsis of knowledge up to that date in their Catalogue Raisonni 
des Echinules, Since then the literature of the Echinoidea has 
l>een voluminous. The existing species have been described by 
Ltitken, Diiben and Keren, Lov^n, Leuckart, Peters, Grube, 
Dcklerlein, Thomson, Bell, and es{>ecially by A. Agassiz. Our 
knowledge of Palaeozoic Echinoids is mainly due to M‘Coy, C. F. 
Komer, J. Muller, Desor, Meek, Worthen, Hall, Neumayr, Duncan, 
Keeping, and Jackson; of the Mesozoic faunas to d’Orbigny, 
Cotteau, Wright, de Loriol le Fort, Clark, Schultze, Lambert, 
Gras, Forbes, S. P. Woodward, etc.; of the Cainozoic to Dames, 
Laube, Cotteau, de Loriol, Forbes, Bittner, Gauthier, Peron, 
Pomel, Duncan, Sladen, Hutton, Sismonda, Michelin, Grateloup. 

Dujardin and Hup^ (21) in 1862 attempted a synopsis of 
the whole of the Echinoidea. Desor’s Synopsis des Echinides 
FossUes (1854-58) is the last reliable summary of the fossil species, 
as is Agassiz’s Revision of the Echini of the recent. Revisions of the 
genera were arranged by Pomel in 1883 and Duncan in 1890 (24). 

The morphology of the Echinoidea was first seriously studied by 
L. Agassiz and Valentin, whose account in 1842 (5) of the skeleton 
and visceral anatomy was based mainly on Strongylocenirotus lividns^ 
Lam. sp. The circulation had been previously described by Tiede- 
mann (1815) and Delle Chiaje (1825), and the nerves by Krohn 

* Bcferenee to psrt of the literAture it given on pp. 328-832 ; s blbliogrtphy tip to 
1872 ii given by A. AgAMix (1), pp. 1-9, Some of the general works are inchulsfl in 
the lieta for Stelleroiilea (p. 279) and for Kchinoderina generally (p. 31^). 
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(1841). The next important advance was made by the memoirs of 
Joh. Muller (1850-57) who gave a full account of Cidaris. Among 
later general contributions to anatomy may be mentioned those of 
Teuscher (1876), Koehler (1883), Prouho (1887), Fr4d6ricq (1876), 
Perrier (1869 and 1875), Hamann (1889), and the last part 
of A. Agassiz’s Revision. Special types have been described in 
separate memoirs, such as Cidaris and its internal branchiae, by 
Stewart (1880); SpaianguSy by HofiFmann (1871); Asthenosomay 
by P. and F. Sarasin (1888); Phorviosomay by Bell (1889); 
DorocidariSy by Prouho (1888); Pourtalesia, by Lov4n (1883). 

Knowledge of the anatomy of the skeleton is due to many 
students, but especially to the masterly series of memoirs by 
Lov4n. The structure of the spines has been described and their 
taxonomic value shown by Mackintosh (63) and A. Agassiz (1, 2); 
the fascioles were first used in classification by Liitken. The pedi- 
cellariae were first described by 0. F. Muller, who regarded them 
as parasites, a view disproved by Delle Chiaje; L. Agassiz con¬ 
sidered them to be young Echiniy which was shown to be erroneous 
by Valentin’s detailed figures. An attempt to use pedicellariac as 
a basis for classification was made by Perrier (1869-70); their 
function has been the subject of a long controversy. 

The study of the embryology of Echinoidea was begun by Derb^s 
in 1847, and by Muller in a series of memoirs (1848-55); it was 
continu^ by Krohn (1849-57), A. Agassiz (1864), Metschnikoff 
(1868-69), Bury (1889 and 1895), Th6el (1892), MacBride 
(1896), and others. 

The term Echinoidea, now used as the name of the class, was 
applied by Aristotle to animals that resembled EchinuSy which has 
always been regarded as the most representative genus. Though 
in some ways rather complex, it may be conveniently studied as 
a Typical S^Urchin, since specimens can be easily obtained. 

The Skeleton. If we examine a specimen of the common 
British species Echinus esciUentuSy we first notice that it is 
covered ail over by short, bluntly pointed spines, which are 
coloured violet at the tips. If we pull off the longest spines, 
we find between them a number of smaller “ secondary ” spines 
(compare Fig. XXXIII.). After removal of all the spines, the 
general character of the main shell can be seen. It is com¬ 
posed of closely fitting plates, which together form the rigid 
“test” or shell. The shape is rounded in transverse section; 
the surface on which the mouth opens is flattened, while the 
upper half of the test may be either well rounded or sub-conical. 

On the centre of the lower flattened surface there is a large 
flexible membranous area covered with loose plates which bear 
short spines. This is the “peristome”; the mouth opens in the 
centre of this space; its exact position can be determined by 
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the presence of five sharp teeth, which, if not extruded so as to be 
seen, can at once be felt. At the other end of the axis of the 

body there is a smaller membranous 
area, the “periproct,” in the centre 
of which is the anus. The periproct 
is surrounded by a circle of five plates 
(Fig. I.), one of which is larger than 
the rest; this large plate bears a 
small perforated prominence, called 
the “ madreporiform tubercle ” or 
“ madreporite (m). Through the 
pores in this plate water passes to 
the series of canals known as the 
water-vascular system. Each of the 
other four plates of this apical circle 
is perforated by one of the pores 
through which the genital products 
escape to the exterior. These five plates are therefore known as 
the “ genitals ” {g). Alternating with them are five smaller plates 
(o), each perforated by a pore, through which passes a process 
ending in a sensory eye-spot. These plates are therefore called 
the “ oculars.’* The whole ten plates form a group known as the 
“apical system.” Between the apical system and the peristome is 
the main test. Ten lines of suckers may be seen in a fresh 
specimen, radiating from the five ocular plates; two lines start 
from each ocular, and pass in a straight series round the test to 
the edge of the peristome. As the two series of suckers are 
arranged like the rows of trees in an avenue, the area bounded by 


iSdkiniM ese^dentus, Linn., apical 
system and iieriuroct. to, inadre* 
porite; g, genital plates; g.p, geni¬ 
tal pore; o, ocular plates; an, anal 
plain covering the periproct, in the 
centre of wbicli opens the anus. 


Fio. II. 

Ambulacral (1) and interam- 
balacral (2) plates of Bchintu 
aeuUntui. ti, fl are the primary 
and secondary tubercles; g, 
miliary granules; p, primary 
ambulacral plate; of, epipo<liuni 
with a pore pair; b, boss; m, 
mameloD. 




them has been called an ambulacrum.^ As there is one ambula¬ 
crum to each ocular, there are five in the complete test, separated 
by five broader irUeramhvlacra. 

Each ambulacrum and interambulacrum consists of a double 
row of plates in vertical series running from the apical system to 
the peristome. Each interambulacral plate (Fig. II. 2) is irregu¬ 
larly pentagonal in form; the angles are sharp and regular, but 
the plate is elongated in a horizontal direction. Each plate Wrs 
a number of “ tubercles,** of which there are three sizes—primary 

^ From ambylamm, an avenuo or a walk between trees. 
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secondary and miliary (^). The primary tubercles are 
the largest, and bear the primary spines; each tubercle consists 
of a rounded base or boss (i), on the centre of which is a small 
pimple or “mamelon” (m). Around the base of each primary 
tubercle is a smooth, level surface called the “ scrobicule,” which is 
generally surrounded by a circle of granules called the “scro- 
bicular circle.’’ Scattered irregularly over the plates are the 
smaller secondary tubercles which bear the secondary spines, and 
between these are large numbers of smaller elevations known as 
“ miliary granules ” (g). 

The function of these tubercles and granules is the support of 




Diagram of gemmifonn pedicelUrU of 
Echinus acutus (after Hamann). a.m, ad¬ 
ductor luusciee; e.m, extensor muscles ; 
/.m, Sexor muscles; gl, gland; gf.e. 
glandular epithelium ; s.o, stem ossicle. 


Fio. III. 

Appendages of ^htnu«. Traris\or»e 
section of spine (magnitied). 

the appendages knpwn as spines” 
and “ pedicellariae.” The Spines, 
like the tubercles, are of three 
sizes — primary, secondary, and 
tertiary—the structure of each of 
which is fundamentally the same. 

Each consists of a long shaft, 
marked by longitudinal flutings; the bas^of the spine is hollowed 
into a cup or condyle, which fits over the mamelon of the tubercle. 
Around the condyle is the collar of the spine which projects above 
the level of the shaft, and serves for the attachment of the muscles 
which fix it to the test. A transverse section of the spine (Fig. 
III.) shows that it is made up of a number of solid wedges, radiating 
from a central axis, and separated by bands of porous tissue.^ The 
smallest spines consist only of tiny needles of porous tissue, and 
agree in structure with the spines of the second type of appendage. 

The pedtcellariae (Fig. IV.) consist of two or three Wk-like 

^ The spine is therefore, aooording to the terminology of Msekintosh (63), poly- 
oyllo end eeanthosphenote. 
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valves attached to the end of a flexible stem. The valves open 
and shut like a bird’s beak, or like the avicularia of Bryozoa. 
They have been seen to seize particles of the excreta of the urchin 
and pass them on from one pedicellaria to another, until they fall 
over the margin of the test. Their main function, however, appears 
to be defensive. When a starfish attacks a sea-urchin, the latter 
bends down its spines and thus exposes its pedicellariae; these 
seize hold of the tube-feet of the starfish, which their bites appear 
to hurt The pedicellariae, however, are always torn away, as they 
cannot relax their hold; and thus, if an urchin is attacked by 
a series of starfish, it is in time rendered defenceless (Prouho, 70). 

The sphaeridia are also modified spines; they are globular in 
form, and lie in pits around the peristome (Fig. V.). 

The ambulacra! plates (Fig. II. 1) are ornamented by tubercles 
and granules like those of the interambulacral plates, though 

smaller; but the plates differ 
in structure. The interam- 
bulacrals are solid, whereas 
the ambulacral plates are 
pierced by small holes, 
through which pass the 
suckers or podia of the am¬ 
bulacra. The pores occur 
in pairs, and each pair is 
surrounded by a raised 
ring forming an epipodium. There is one epipodium to each 
primary ambulacral plate; but, except at the summit of the am¬ 
bulacrum, the primary plates are united into compound plates, 
each of which has as many epipodia as there are primary plates 
in it. In one of the plates in the middle of the ambulacral series 
there are three pairs of pores, which occur in a curved series or 
arc. This arrangement of the |>airs is due to the crowding of the 
plates during growth; owing to the same cause, the elementary 
ambulacral plates no longer always extend right across the half 
of the ambulacrum to which they belong, but are cut off from 
the median suture by the union of adjoining plates behind them. 
Plates thus cut off from the central suture line are known as 
**demi-plates.” In an ordinary Echinus esculentus each compound 
ambulaOTal plate (Fig. XII. 4) consists of one central demi-plate 
(d) between two primary plates (p).^ 

The principal remaining elements in the skeleton are those of 
the five jaws, and of the internal processes, to which the muscles 
that work the jaws are attached. The Dental Apparatus (Fig. VI.) 
is a conical structure which is placed apex downwards over 
tile mouth. The axis is hollow and contains the pharynx or 
commencement of the oesophagus. The dental apparatus consists 




THE ECHJNOIDEA 


289 


of twenty pieces. The largest of these are the five pyramids (Fig. 
VI. p ); they are shaped like the sectors of a cone, being pointed 
at one end, having two flat sides, and with a curved outer margin. 
The flat sides are marked by transverse ridges, which serve for the 
attachment of the muscles that bind the pyramids to one another. 
The pyramids are hollow, and in each of them lies a long, curved, 
keeled tooth, the hard point of which projects through a hole 
at the pointed lower 
end of the pyramid. 

Above the suture be¬ 
tween a pair of pyra¬ 
mids rests a short, thick 
bar known as the brace; 
above the brace {h) is 
a curved bifid process 
or ** compass ” {cp). 

Kound the inside of 
the peristome is a hard 
raised rim (Fig. VII. 
p,r) which rises into an 
arch over each of the 
ambulacra. This is the 
“ perignathic girdle,'’ 
and to it are attached 
the muscles which work 
the ina.sticatory appara¬ 
tus; one set of muscles Dental ax tlKiralus of Hilunns csi ' ithntns , L. A pyrainul 

aiitacncu to tne pyianmi epiphysis, t, t(*oth ; bmce ; rp, compass. 

pulls the jaws apart; 

other sets, attached to the Inaces and compasses, pull them down¬ 



ward and drive the teeth together. 

The remaining skeleUl structures are small and unimportant, 
and consist only of scattered calcareous plates and spicules which 
are distributed through the tissues. The principal of these are 
the “ rosettes ” or “ pellions (rings of plates which support the 
suckers), and spicules in the stems of the podia. 

The internal anatomy of the Echinus may be most conveniently 
studied by the removal of the upper half of the test. The five 
ovaries will then be seen lying in the upper parts of the inter 
radia, and the great coiled intestine occupying most of the 
interior. The main features in the internal anatomy are shown 
in Fig. VII. 

The Alimentary Canal begins with a mouth {mt) situated at 
the centre of the peristomial membrane (psi); from the mouth the 
muscular pharynx (ph) passes upwards through the central tube 
of the masticatory apparatus. The oesophagus (oe) runs horizon* 


19 
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tally from the upper end of the pharynx to the lobed stomach (s), 
which is twisted in a spiral twice round the body cavity; it con¬ 
tracts above to the rectum (r), which opens to the exterior by an 
anus (a), situated in the centre of the apical system. 

The Water-vascular System. Above the top of the dental 
apparatus a vessel may be seen running round the oesophagus. 
This is the circumoesophageal ring of the water-vascular system 
(c.cs.i*). From it five radial vessels pass downwards outside the 
masticatory apparatus to the peristomial membrane; there they 
bend upwards, pass beneath the arches of the perignathic girdle 



Diiuprtnimfttlc rertical section througli Echinus, o, anus; amp, arabiilaeral plate; ap. 
ampulla; branchiae; e.ce.v, circumoesophageal vessel of watervasciilar system; d,o, donial 
organ ; p, gonad; m, madreporite; mouth ; n,r, nerre ring; cs, oesophagus; p.a, arch of 
perignathic ginlle; pd, podia; ph, pharynx; vdc, pedicellarla; pp, periproct; p.r, ridge of 
perignathic girdle; pst, peristome; pv, p3rramius of masticatory apparatus: r, rectum; r.ii.c, 
radial nerve cord; a, stomach; «.«, stone canal; sph, splutendia; sp, spine; it, StewartTs 
organ; 16 , tubercle; r, Folian vesicle on clrcumoesopha^l vessel. 


(p.a), and one runs up the inside of each ambulacrum. Branches 
from the radial vessels are given off alternately to right and left; 
one of these branches passes to each pore-pair, below which it opens 
to a pair of pocket^haped vesicles or ampullae (ap). From each 
ampulla a small tube passes through both pores; the two tubes 
unite on the exterior to form the shaft of the tube-foot or 
podion (pd). 

The water-vascular system round the peristome of an irregular 
Echinoid is shown in Fig. XLIY. The water-vascular ring (w.«.r) 
lies above the peristomial membrane, and just above the ciroumoeso* 
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phageal nerve ring, which can be seen in the figure, connecting the 
five ambulacral nerve cords (am,v). 

The walls of the podia are strengthened by calcareous spicules, 
and expand at the end into a sucker. The function of the tube- 
feet is to help in locomotion. The sucker is pressed against a 
smooth surface; water from the reservoir or ampulla is driven 
into the podion, and the tube-foot is thus rendered tense and rigid. 
The rosette of plates in the sucker is pulled backward, when a 
vacuum is left between the sucker and the surface against which it 
is pressed. Firm attachment is thus secured, and the animal can 
drag itself along (for action, see Fig. XLII.). So powerful are 
these suckers that, by their means, the Echinoids of the genus Colobo- 
centrotus (Fig. XXXIV.) can cling to exposed rock surfaces, fully 
exposed to the surf of a coral reef. 

The supjdy of water to the water-vascular system is introduced 
by a membranous vessel—the stone-canal ( 5 . 6 )—which rises from 
the circumoesophageal ring, and is attached to the plate of the 
apical system which bears the madreporite (m). As we have seen, 
this plate is perforated by many small pores, through which water 
can pass into the stone-canal. Owing to the small size of the 
pores, the water is filtered as it enters. In Echinus esculentus the 
stone-canal is membranous, and the name therefore appears inap¬ 
propriate. The name was first applied to this canal in the genus 
CidariSy in which it is hard and calcareous. The flow of water in 
the interior is regulated by five “Polian vesicles,” situated on 
the circumoesophageal ring, and acting as reservoirs. The latest 
account of the function of these vessels is given by Uexkiill (82). 

The main points in the distribution of the water-vascular vessel 
can ba easily verified; but the Blood-vascular or haemal System 
is more obscure. The most important structure is an ovoid body 
(Fig. VII. d.o), situated beside the stone-canal; it is known as 
the “ dorsal or axial organ,” and by other names (see Chapter VIII. 
pp. 23, 25). Its canal joins above with the stone-canal; it is said 
to open to the exterior through the madreporite, but this is denied 
by some authorities (as Hamann). Round the upper end of the 
** canal of the dorsal organ ” is a circular canal known as the 
“genital ring,” which appears to be connected with a series of 
hiMmal vessels or lacunae which surround the dorsal organ. In 
this case it must be also connected with a ring round the oesophagus, 
from which five branches pass downward beside the pharynx, and 
then run up along the test below the ambulacra. The “ circum- 
oesophageal haemal vessel ” is connected with a haemal vessel which 
runs along the inner side of the stomach. 

A third group of canals or vessels consists of a circular sinus 
round the oesophagus, from which five branches run up the ambu- 
laera between the radial water-vascular vessels and the radial nerve 
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cords. This group of sinuses is known as the “pseudhaemal 
system.” 

The function of the haemal and pseudhaemal systems has been 
much debated, and the relations of their various members are still 
uncertain. The dorsal organ is sometimes said to be a kidney, 
as by Hamann (38) and the Sarasins (72). Hartog (39) has 
supported this by claiming that the circulation is outward 
through the madreporite; but Cu4not and Ludwig (62) main¬ 
tain that the current is inhalent. Leipoldt and Prouho (70) 
point to the absence of any glandular epithelium and of any 
connection between the cavity of the organ and the general body- 
cavity. They therefore deny that the organ is a gland, and regard 
its function as the making of amoeboid cells for the [)erivisceral 
fluid. It therefore seems most probable that the haemal system 
distributes nutrient material through the body, both in solution 
and by corpuscles (see also Durham, 11 of previous list, p. 30). 

A third circumoesophageal ring is that of the Nervous System 
(Fig. VII. n.r). This is placed below the water-vascular ring. From 
it five radial nerve cords (T,nx\ the ambulacral nerves, pass up the 
inside of the test, between it and the ambulacral water-vascular 


vessel. Branches from the ambulacral nerve cord pass right and left 
to the ampullae, and give ofl* smaller branches which pass through 



the jx)res to the suckers 
(Fig. VIII.). The branches 
fork, one half running up 
the podion and the other 
expanding over the surface 
of the test as a plexus, 
which controls the move¬ 
ments of the spines and 
the pedicellariae. A small 
nerve ring (w.sp) surrounds 


DUgram of innervation of spinet in Eckimt*. pf, 
ambulacral plate ; ep, epidermis; m, muscles of 
spines; n. branch of nerve passing ont through 
pore; n.pa, branch of nerve to tube foot; n.x, branch 
of nerve running across test to n.sp. the spinal 
nerve; pd, jpodion; sp, base of spine; pi, ambulacral 
plate with (0) boss or tubercle and (m) mamelon. 


the base of each spine. 

The Generative Organs 
are large and simple. They 
consist of five branching 
glands (Fig. VII. ^), which 
lie attached to the inter- 


ambulacral plates in the upper part of the body-cavity. Each of 
the five organs opens to the exterior by a single tube which passes 
through the pore in a genital plate. The young of Echinus are 
free-swimming plutei, and undergo a metamorphosis during the 
development and resorption of the pluteal skeleton and its append¬ 
ages (cf. development of EMnocyarms, Chapter VIII. pp. 15-17). 

Respiration is largely effected by the aeration of water in the 
podia; but in addition to this there is a series of five pairs of small 
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folded branchiae or gills (Fig. VIL h) lying on the margins of the 
peristomial membrane. These are diverticula from the general 
body-cavity, and pass out by the ten notches in the peristomial 
margin of the test. There are, moreover, five large internal 
vesicles rising from the upper edge of the masticatory apparatus; 
these are known as “Stewart's organs” (Fig. VII. st\ and may 
act as internal gills. 

The ordinary Echinus, then, has the following characters:—It 
consists of a skeleton, which is mostly external, and is com¬ 
posed of numerous closely fitting polygonal plates, bearing spines. 
Within, it has a simple, coiled, alimentary canal, with mouth and 
anus at the oj)posite poles; it has five generative glands; an 
elaborate series of water-vascular vessels, provided with podia, 
ending in suckeis. This water-vascular system, the blood-vascular 
system, and the nervous system each consist essentially of a 
ring round the mouth, from which five branches pass outward, 
one up the inside of each ambulacrum. 

Among the Echinoids the Variations in Structure from this 
simple type are very diverse. Thus the form, instead of being 
globular, may be depressed into a thin, flat sheet, in which the 
wide, low roof has to be su[)[)orted by pillars, as in ScnteUa (Fig. 
XXXV. 4). In some of these thin forms the posterior margin of 
the test is lobed and digitate, as in 
Uotula (Fig. IX.); in some cases the 
ends of the processes unite, leaving 
perforations or “ lunules.” In such 
depressed forms, owing to the sharp 
division of the test into upper and 
lower halves, the central podia of 
the former are useless for jiurposes 
of locomotion, and are specialised 
to serve as branchiae; thus the am¬ 
bulacra become modified into petaloid 
and extra - petaloid jiortions. The 
ejection of the excreta through an 
anus situated in the middle of these 
branchiae would be disadvantageous, 
owing to the conseipient pollution of 
the water. Hence, in such forms, the anus has passed backwards, 
and opens in the hinder part of the tost. This backward move¬ 
ment of the anus is usually balanced by the forward movement 
of the mouth, and thus the Echinoid loses its quinqueradiate 
symmetry and becomes bilaterally symmetrical. 

This change affects not only the position of the external 
apertures, but the development of the internal organs. Owing to 
the invasion of the posterior interradius by the anus, the generative 



Fnj. IX. 

Untuln A\ith jM^stcrior “digita* 

tions ” and a i>air of anterior “ lunules.** 
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gonad there aborts; the gonads thus occur as two lateral pairs, and 
increase the bilateral symmetry of the Echinoid. This is further 
strengthened by changes in the structure of the apical system 
of plates. This system, as in Cidaris or Echinus (Fig. I.), consists 
of a double circle of plates. The inner circle is formed by the 
five genital plates, which are often called the basals. As the 
latter name has been given to them on the ground that they are 
the homologues of the basal plates in Crinoids, the older name of 
genitals is here retained. The outer circle of plates occur in the 
angles between the genitals, and as they bear the “ oculi,” they 
are called the oculars; they have in turn been regarded as homo¬ 
logous with the radial plates of the Crinoid cup and called “radials,” 
while Cu6not, on a different theory of homology, calls them the 
“ terminals.” As the double circle of plates surrounds the anus, 
this form of apical system is known as “ endocyclic.” From its 
typical arrangement, as seen in CidariSy variation takes place in 
two directions. The extreme of one line is seen in Tiarechinus (Fig. 
XVIII.) and LysechintiSy in which the apical system of plates forms 
either half or nearly the whole of the test. In the other direction the 
plates become less important; in Aspidodutdema (Fig. XXII.) they 
form a single ring of ten plates; and in Asthenosoma (Fig. X.) they 
^ are either reduced to ten rudimentary plates of no 
functional importance, or are altogether absent. 

The membrane which lies between the anus 
and the genital plates is generally covered by num- 
erous small plates, known as the “anal plates.” 

Fin. X. some genera, such as Acrosalenuiy some 

Apical system of of the anal plates are large and thick, and are 
firmly attached to the genitals. One of these 
asinT * ’ plates may increase at the expense of the rest, 

until, as in the genus Salenuiy there is one large 
suranal plate attached to the genitals (Fig. XIX.). This plate 
has been regarded as the homologue of the imaginary dorso- 
central plate of the Crinoids. This plate pushes the anus back¬ 
ward from its originally central position. 

A tendency towards the retrogression of the anus is shown 
in all groups of Echinoids. One of its effects is the pulling 
out of the posterior plates of the apical system, and the consoli¬ 
dation and increase of those in front. Thus in Zeuglopletirus the 
anterior genitals meet along the middle line, while the posterior 
genitals become narrow and are completely separated from one 
another by the oculars. In Pygaster (Fig. XI. 1) the retrogression 
has become so marked that the anus lies just outside the apical 
system, which is therefore “exoeyclic.’^ In ClypeuB (Fig. XL 2, 3) 
the anus becomes completely detached from the apical system, 
which is no longer a ring of plates, but a compact group. 
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In Echinus the madreporite (Fig. I. m), or the opening of the 
water-vascular system, is on the right anterior genital plate. After 
the anus has receded from the apical system, the madreporite 
begins to follow it. In a simple compact apical system the pores 
of the water-vascular aperture occur only in the right anterior 
corner of the system. Such a system is said to be “ ethmophract,” 
as in Discoidea or Mkrader (Fig. XI. 4). In more advanced forms 
the pores and the plate on which they open extend backward until 



2 I 3 



Apical systemii of Eclitnoidca. 1, Pygoiter wnbrrUn ; 2. Clyptu$ rinuntw ; 8, ClypeuM Hiigi ; 
4, Viteoidea conica; 6, Spaiangut purpunui. In 1 and 2 the anua is still iii contact with tho 
apical systam; in 8 It la flree; 4 is ethinophiact, and 6 ethmolysian. 

they separate the two postero-lateral genitals, as in Spatangus 
pwrpwreus (Fig. XI. 5). Such an apic^ system is said to be 
** ethmolysian.’’ 

Another change in the apical system is wrought by the elonga¬ 
tion of the test in the antero-posterior direction, whereby the 
apical system becomes elongated. The plates of the two pairs of 
genitals become adjacent, and completely separate the anterior 
and the two pairs of oculars from each other; the three anterior 
ambulacra usually meet close together, and are separated from the 
two posterior ambulacra by a wide space. The three anterior 
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ambulacra then form the “ trivium,” and the two posterior form 
the “bivium.” This may be clearly seen in the common Chalk 
Echinoid, Echinocorys stmtatus^ Leske (syn. Ananchytes ovatus^ Lam.), 
(Fig. XXXV. 2). In some cases the separation of the trivium and 
bivium becomes greater; it is finally completed in the Jurassic 
genus Collyriies, and the living genus Pourtalesia^ in which the 
apical system is broken up into two parts, separated by a zone of 
ordinary interambulacral plates. 

Important changes also take place in the plates of the test, 
affecting both their structure and arrangement. 

The Interambulacral Plates are biserial in the great majority 
of Echinoidea, but they may bo uniserial, triserial, or multiserial. 
Each plate may bear one tubercle or more than one; to increase 
the strength of the muscular attachment of the spine, the mamelon 



Types of ainbulacral plates. 1, cklaroul; 2, (liadeinoid ; 3, arUcioid ; 4, icIhuomI ; 
cyplioaoinoiJ. rf, demiplates; p, primary platfs 

is perforated by a small hollow, and the boss becomes irregular, 
owing to a series of crenulations. 

Thus among other variations of interambulacral plates are the 
following:—Those which are unituberculato with the tubercles 
either plain or crenulate, perforate or imperforate; those which 
are bi- or multi - tuberculate, and have the tubercles either 
perforate or imperforate; those which are granulate, as in 
Pal<jeeehinu$; those which have their edges bevelled, as in Echino- 
thuria. 

The principal variation in the Ambulacral Plates is in the 
number of elementary plates (shown by the number of pore-pairs) 
in a compound plate. There are five main types:— 

1. The cidaroid^ when all the plates are low, simple primaries, 
as in the Cidaridae, Orthopsinae (Fig. XII. 1). 

2. The diademoidy when all the plates are primaries, but they 
are united in sets of threes into compound plates (Fig. XIL 2). 
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3. The arbacioid, when the compound plates are formed of 
three simple plates, the middle one being a large primary, while 
the other two are small demi-plates (Fig. XIL 3). 

4. The echinoid, when the compound plates are formed of three 
simple plates, but the middle plate is a small demi-plate, and the 
two others are primaries (Fig. XII. 4). 

5. The cijphosomoid typo, when the compound Tates are formed 
of many simple plates arranged in arcs, in which the middle com¬ 
ponents are demi-plates (Fig. XII. 5). 

In most of the compound ambulacral plates, one or more of the 
constituents become “ demi-plates ” by losing their contact with 
the vertical suture on either side of the series. In some Echinoids 
some of the plates are further reduced by growth-pressure, so that 
they lie along the horizontal sutures between the primaries, as in 
the Echinothuridac, or form broad areas of numerous small plates, 
as in the Melonitidae. For these plates the name of “klasma- 
plates ” has been suggested. 

One important vai iation affects both the ambulacral and inter- 
ambulacral plates. In some forms, such as Asthenosomaf the plates 
are thin and attached to powerful lateral muscles (Fig. XXX.), by 
which the test can be conti acted and 
expanded. In such Echinoids the plates 
are not closely fitted like stones in a 
mosaic, but the edges are bevelled, so 
that the plates overlap like slates on a 
roof. 

The Mouth Armature also under¬ 
goes gi eat changes, which may be best 
seen by the nature of the perignathic 
girdle, of which there are five main 
ty])es. In Cidaris (Fig. XIII. 1) it is 
“disconnected,” consisting only of an 
erect “ridge” situated on the inter- 
radial plates around the peristome. 

In Salenia (Fig. XIIL 2), in addition to 
the ridge, there are small “ processes ” 
on either side of the ridge—the pro¬ 
cesses arise from the ambulacral plates. 

In the Diadematidae and Echinidae 
(Fig. XIIL 3) the ridge becomes insig¬ 
nificant and the processes important; 
they lengthen and form an arch across 
the ambulacra. The perignathic girdle 
is then said to be “ continuous.” The extreme form is met with 
in such genera as Echinomdra (Fig. XIIL 4), where the arch is 
strengthened by a strong cap. In those Echinoids in which the 
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Tyi)en of {M>ngnathic girdles. 1, 
disconnected type of Cidaris; 2, dis. 
connected type of Salenia; 8, simple 
arch of Dtadema; 4, capped arch of 
Echinonuti'a. a, ainbulacFal plates; 
aur, auricle; c, cap; i, interaiiibula* 
oral plates; {.a.p, interambiilacral 
processes. 
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apical system is exocyclic, the jaws become less important. In 
the Clypeasters the jaws are massive, but their power of move¬ 
ment slight, as they are poised on small vertical processes which 
ht into a socket on the pyramids. 

In the Holectypina we see a gradual reduction of the peri- 
gnathic girdle, the processes becoming low and the ridge important 
(as in IHscoulea)^ until in Galerites the ambulacral processes are 
absent, and there are only five low interradial thickenings which 
act as ridges. Finally, from the Atelostomata the perignathic 
girdle and jaws are completely absent. 

The Generative Glands are fairly constant in character, but their 
number varies, one or more being lost in many Irregular Echinoids. 
The young are generally free-swimming plutei, but some species 
are viviparous, the young being nursed in marsupial depressions 
(Fig. XLIIL, see Wyv. Thomson, 81). 

In spite of these great variations in structure there are several 
characters common to all Echinoids. By the selection of those 
structures which are found in all the Echinoids (except when they 
have been lost by obviously secondary modification) it is possible to 
conceive a schematic Echinoid. This is useful, as it helps us to an 
idea of the primitive ancestor of the class, and as it brings into pro¬ 
minence the features which separate the Echinoidea from the other 
Echinoderma. 

The Primitive Echinoid—for which various names have been 
suggested—probably had a globular muscular body, covered by an 
irregular series of polygonal plates. It must have had a simple 
alimentary canal rising from a mouth situated at the centre of the 
lower surface; at first, possibly, it may not have had an anus, 
which, when it came, opened on the upper surface. Three rings 
surrounded the oesophagus, and from each ring five branches passed 
up the test to the aboral pole. These three rings with their 
branches formed the water-vascular, bloofl-vascular, and nervous 
systems. Branches from the radial vessels of the water-vascular 
system passed between the plates of the skeleton to the exterior 
and act^ as suckers. The suckers, by absorption of parts of 
the plates, at length passed out through pores, instead of through 
the sutures. The perforated plates were therefore marked off 
from the others and formed the five ambulacra, while the imper¬ 
forate plates between constituted the interambulacra. A tube 
connect^ the water-vascular ring with the exterior, and allowed 
the entrance of the necessary water by a single pore. Five un¬ 
paired gonads occupied the interambulacral areas. The primitive 
Echinoid did not have either a stalk, apical system of plates, 
masticatory apparatus, or perignathic girdle. 

Such an animal would We been regarded as an Echinoid, as it 
was not attached by the aboral surface, but on the contrary had 
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the mouth downwards; as its gonads were quinqueradiate; and as 
its ambulacra extended from the peristome almost to the aboral 
pole. The union of these three characters separates the Echinoidea 
from the rest of the Echinoderma. 

Proceeding to discuss the Sub-Claases, Orders, and Families of the 
Sea-urchins, we may sum up their common characters in the following :— 

Diagnosis of the Class. ^—The Echinoidea ar^ eleutherozoic Echino¬ 
derma which are actinogonidial (t.«. having the gonads quinqueradiate) 
and zygopodous (tlie podia extending from the peristome to near the 
aboral pole). The body is covered by numerous series of plates, usually 
polygonal and in vertical series. The apical system may be absent, 
rudimentary, well developed, or very extensive. The gonads are un¬ 
paired and iuterradial. The body is spherical, or flat, or bilaterally 
symmetrical, and is covered by spines which may be long, stout, and 
strong, or present every stage of reduction to such as are fine and 
silky. An anus is always j»resent, but its position is variable ; but 
it is either at the aboral pole or in the posterior interradius. Respiration 
is partly by gills and partly by pcnlia. Development is either direct or 
indirect. 

The usual primary subdivision of the Echinoidea is into two sub¬ 
classes— Pal^^echinoidka and Eu echinoidea ; the former including ap¬ 
proximately all the Palaeozoic, and tlie latter all the Neozoic Echinoidea, 
The last formal attempt to define the two groups was that of Duncan 
(24, p. 4), which has been accepteil by Jackson (41). 

Excluding from Duncan^s diagnoses characters common to the two 
sub-classes, we find that the only distinction between them is that the 
Palceechinoidea have either one or more than tw^o vertical rows of plates 
in each interambulacrum, and two or more vertical rows of plates in each 
ambulacrum ; while the Euechinoidea have two vertical rows of plates in 
each interambulacruin and in each ambulacrum. 

This classification is open to two fatal objections. The rule is not 
absolute. Thus in the Cretaceous genus Tetracidaris there are four rows 
of plates ill each interambulacrum ; and in such genera as the Euechinoid 
Tripneastes, it is no more correct to say that there are only two rows of 
vertical plates in the ambulacra, than it would be to say so of the Palee- 
echinid Palmchiniis which is described as having more than two vertical 
series. In the second place, the classification separates fairly close allieSi 
and brings together extremely divergent forms. Thus, such a species as 
the Liassic Euechinoid Cidaris edwatdsi is far more closely allied to such 
a Palmechinoid as ArchaeoddarU than the latter is allied to Tiarechinv^ 

The separation of these two sub-classes was originally based cn several 
very definite characters, such os the imbrication of the plates, the flexi¬ 
bility of the test, and the number of pores in the genital plates. One by 
one these characters have been shown to be valueless for the purpose for 
which they were used, but the classification based on them has been re¬ 
tained. It is preferable to return to the division of the Echinoidea into 
^-Rboularia and Irrbqularia. 

^ Bmended from Bell (10), p. 214. 
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Sob-Class 1. Reoularia Endobranchiata. 

Mouth and anus at opposite poles. Anus surrounded by the apical 
system of plates, when they are present. No external gills. 

Order 1. Bothriocidaroida, Schmidt. 

Loven has shown that in many young Echinoids the interambulacrum 
begins and ends with a single plate. In the oldest known Echinoids the 
whole interambulacrum consists of a single vertical series. The Echinoids 
in question are two species from the Ordovician rocks of Esthonia. They 
belong to the genus Bothriocidaris, Schmidt. 

Bothriocidaris has a small test, on the top of which is an apical 
system (Fig. XIV. 2), composed of a ring of five large ocular plates, in 
the angles between which are five small imperforate genital plates. 
E^h ocular plate has two pores. The anus is in the centre of the 
apical system, and the periproct is covered by six or eight anal plates. 
The test is mainly formed by the ambulacra. Each ambulacrum consists 



12 3 

Fi(.. XIV. 


''Dothriocidaris PaJdcm, .Scliinult; Oidovician, Uusnia. 1, from the nitle ; 2, apical aystciu ; 

3, penstoiiiiHl plates. The intcraiiibulacml plates are 

of two vertical series of hexagonal plates, each perforated by one or two 
pore>pairs. The interambulacra are narrower than the ambulacra, and 
consist of a single series of plates which do not extend to the peristome, 
from which they are cut off by the expansion of the peristomial ambulacral 
plates (Fig. XIV. 3). The most recent description of the genus is by 
Jaekel (42). 

Order 2. Cystocidaroida, Zittel. 

Echinoidea Kegularia Endobranchiata with test ovoid, flexible. No 
apical system of plates. Madreporite and anus (when present) open in¬ 
dependently in the posterior interambulacrum. Mouth central. Ambu¬ 
lacra of low, closely packed plates. Interambulacra broad, of numerous, 
thin, and irregularly arranged plates, bearing short spines. A masticatory 
apparatus present. 

Family 1. Palaeodiscidae. Cystocidaroida with depressed, discoid 
body. The ambulacral plates are biserial, crowded, and narrow; on the 
oral surface they are not perforated by pores, but the podia pass out 
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through the sutures between the plates. Near the aboral pole the 
ambulacra are narrower and pores occur in the plates. Genus— 
PalaeodiaciLs, Salter, from the Silurian of Ludlow. It is the most 
primitive of known Echinoids and has been frequently assigned to the 
Stelleroida. The main radial water-vascular vessels appear, however, 
to have passed along the inside of the test instead of below or outside 
the ambulacral plat^, as in Stellcroids (Salter, 42 on p. 280, ante; Neu- 
mayr, 64 ; Gregory, 36). 

Family 2. £chin<^ct8TIDAe. Cystocidaroida, in which the ambulacra 
consist of narrow plates, each perforated by a pore-pair. The pore-pairs 
are biserial; most of the plates are low primaries, but demi-plates also 
occur. Genus— Echmocijstis^ Wyv. Thoms, (non Hall), Silurian; one of 
the must remarkable of known Echinoids. It has no apical system of 
plates, and the anus and madrcporite both open independently in the 
posterior interradius. The genus is therefore sometimes described as 
exocyclic, but it is really acyclic (Gregory, 36). 

Order 3. Cidaxoida. 

Echinoidea Regularia Endobrancbiata, in which the peristome is 
central; the periproct is central on the aboral surface of the body, and is 
surrounded by the apical system of plates. The ambulacra each consist 
of two vertical series of simple narrow plates, some of which may be 
demi-plates. The interambulacral plates are unituberculate, bearing large 
spines. There is a dental apparatus. 

In the Devonian system the Echinoids ure scarce, but their characters in¬ 
dicate amarked advance upon the Silurian species in the strength of the tests, 
owing to the greater thickness 
and regularity of the plates. 

Two main lines of differen¬ 
tiation are apparent In the 
iirst the increase takes place 
in the interambulacral plates, 
in the second the ambulacral 
plates become more import¬ 
ant The former is the order 
Cidaroida, the latter is the 
order Melonitoida. 

There are four families 
of Cidaroida, of which three 
are extinct The most typical 
genus is Cidaris; the earliest 
and most primitive is Lepido- 
eentrui. 

Family 1. Lbpidocentridae. Cidaroida with ambulacral pore-pairs 
in a single series. Interambulacral plates in more than two vertical rows. 
Test flexible, owing to imbrication of the plates. No interambulacral 
plates pass on to the peristomial membrane. This family is represented 
by four Palaeozoic genera— Lepidocentrus^ Muller, Devonian; Lepidechinui^ 



Fio. XV. 

Dii^nuni of arrangement of plates near peristome 
in LepidocerUrui, Devonian, Germany. 
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Hall, Devonian and Lower Carboniferous; KmiincJcocidci'iSf Dollo & 
Buisseret, and Peritchodomus^ M^Coy, both Carboniferous. The main 
character of the family is that none of the interambulacral plates occur 
detached from the test on the peristomial membrane (Fig. XV.).' 

Family 2. Archaeocidaridae. Cidaroida with ambiilacral pore- 
pairs in a single series. Interambulacral plates in more than two veHical 
rows. Test slightly flexible, owing to slight imbrication of plates. 
Peristome large, several rows of the interambulacral plates as well as of 
the ambiilacral passing on to the peristomial membrane. The main char¬ 
acter of this family is that, while the interambulacral plates remain in 
more than two series and somewhat imbricated, in both of which 
features it agrees witly the Lepidocentridae^ it has acquired the peristomial 
characters of the true Cidaridae. Genera —ArchaeocidariSy M‘Coy (Fig. 



2, Palaxchiwu ^ihaerieva, M‘Coy; CarbonifeioiH. 3, A plate and ni)ine of Archatoddarii 
nrii, Fleiii.; Carboiuferoiw. 5, Cit/ariji ; JunuHic. 4, Htmxcxdann intennedia, 

Fleiii.; Miil. Jiiruatitc. 5, ScUenia jmtiUifera, DfHin.; Cietaceous. 6’, DysaaUr ririffgns, Ag.; 
Junuaaic. 7, Ji^nallaster Greenovi, Forbea; CreUicooiiH. fi, Catopygus columbanu$, Ijim. ; 
CnUceous. 


XVI. 2), and Lepidoetdaris^ Meek & Worthen, both Carboniferous. In 
the latter some of the ambulacral plates are demi-plates. Xenocidarit^ 
known from spines only, may also belong here. 

Family 3. Cidaridae. Cidaroida with ambulacral pore-pairs uni¬ 
serial and plates all primaries. Interambulacral plates in two vertical 
series in each area. Test rigid, as the plates do not imbricate. Several 
rows of interambulacral and ambulacral plates pass on to the peristomial 
membrane. The family includes the living genus Ordoni, Leake, with 
its numerous subdivisions— Bhabdoddaru, Chondrocidaritf Stereocidaria^ 
DiicocidarUt TyloddarU, Typocidaru, Doroddarii, etc. OonioeidarU^ De&; 
Orihocidarii, Cott; TmnoddarUf Cott; Polycidaria^ Quenst, are also 
genera of Uiis family. Cidaru is one of the most primitive of recent 
Echinoids, and therefore one of the most instructive. 

' The systemstio value of this character is ^owu in Jackson's interesting paper 
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Fig. XVII. gives the aboral surface of Gidaris (Stereocidaris) suhvm- 
culoM, from the Chalk, showing its primitive dicyclic apical system ; its 
massive interambulacral plates separated by very narrow ambulacra, com¬ 
posed only of low, simple primaries (Fig. XII. 1). The arrangement of 
the peristomial plates in this genus is very important; the peristomial 
membrane is covered by loose plates which include representatives of 
both the ambulacral and interambulacral series. There are no arched 
processes over the ambulacra, the i>erignathic girdle consisting only of 
interradial ridges (Fig. XIII. 1). The internal gills,^ or Stewart’s organs, 
are well developed. 

Family 4. Diplocidaridae. Cidaroida with ambulacral pore-pair.'> 
biserial. Interambulacral plates in two or more vertical series in each 



Fi«.. x \ u 

Citlaris (StereocidarU) niJbvcsu d Orbijiii) ; froju the Chalk. 


area. Peristomial plates as in Cidaridae. This family includes the 
interesting genus TetracidariSf Cotteau, which ha.s four rows of plates in 
each interaiiibulacrum. This Palseechinoid character is associated with 
a type of ambulacrum which, for the Cidaridae, is remarkably specialised. 
A second genus is Diplocidaruj Desor. 

Order 4. Melonitoida. 

Echinoidea Regularia Endobranchiata, in which the peristome is cen¬ 
tral on the lower surface, and the |)eriproct central on the upper surface, 
surrounded by the apical system of plates. The ambulacra each consist of 
two or more rows of simple plates, of which some or all may be demi- 
platesy or klasma-plates. The interambulacral plates are covered by 
granules bearing short, simple spines; but occasional tubercles may occur. 

^ It should be remembered that the respiratory function of these organs is stUl 
hypoUietlcal. 
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There are more than two vertical series in each interambulacrum. There 
is a masticatory apparatus, but no external gills. The order is therefore 
endocyclic, gnathostomate, anectobranchiate, with simple ambulacral 
plates, and having granulate interambulacrals. 

This order represents an offshoot from the main Cidarid stem. It 
began in the Silurian, attained its maximum in the Carboniferous, and 
became extinct in the Permian. There are three families in the order, 
and these form an evolutionary series. All differ from the Ciclaroida, 
by having granular instead of unituberculate plates, which, by itself, 
however, is not a character of ordinal importance. The main feature 
is the great increase in the importance of the ambulacral areas, reminding 
us of Bothriocularis. This character is w’cll developed in the two more 
specialised families, but in the Palmechinidae it is only just appearing. 
Thus the family named is closely allied to the members of the Cidaroida, 
and is separated from that order only as it marks the begiiming of a 
very remarkable type of Echinoid structure. 

Family 1 . PALiEECHiNioAE. Melonitoida, in which the ambulacral 
plates are essentially biserial (or in one case triserial). Most of the 
plates are primaries, and the remainder long, narrow, demi-plates. The 
plates of the test are rigidly attached. One row of intcrambulacral 
plates passes on to the peristomial membrane. Genera— PaUvcchinxuty 
M^Coy (pars), and Rhoischinns, Keeping; and perhaps also Perischocidaris^ 
Neumayr (syn. HomotoecIbuSj Sollas). The family is separated from the 
Melonitidae, owing to the great difference in the characters of the 
ambulacra; but it is regarded as the ancestral group from which that 
family was derived. Bhokhinus is the simplest genus, and includes those 
with the pore-pairs in a single series. PalfeechinuSj which ranges from 
the Silurian to the Carboniferous, includes those in which the pore-pairs 
are biserial, and demi-plates occur (Fig. XVI. 1). 

Family 2. Melonitidae. Melonitoida, in which the ambulacral 
plates are all small, simple klasma-plates, which are multiserial in arrange¬ 
ment. These form broad areas. The test is rigid. One row of inter- 
ambulacral plates passes on to the peristomial membrane. This family 
represents a marked advance on the previous one. The tendency 
towards the crowding of the ambulacral plates and the reduction of many 
of them into klasma-plates has made great progress. Genera— Olvjoptmis^ 
Meek & Worthen, Carboniferous; the plates agree in general character 
with those of Pakeechintu^ but the ambulacral plates are quadriserial 
instead of biserial. MeUmites, Norwood & Owen, Carboniferous; the 
process has gone further, and each ambulacrum consists of from six 
to sixteen vertical series. 

Family 3. Lbpidesthidae. Melonitoida, in which the ambulacral 
plates are small klasma-plates, multiserial in arrangement The plates 
of the test imbricate. None of the interambulacral plates pass on to the 
peristomial membrane. This family is the extreme type of the Meloni¬ 
toida, and represents a condition in which the plate arrangement becomes 
most irregular. It includes the species with the greatest number of plates 
in the ambulacra. The plates being thin and small, the test is necessarily 
fragile, a danger to the animal obviated by the imbrication of the plates. 
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As is the rule among all thin-plated^ flexible Echinoids, there is a marked 
tendency to irregularity, especially shown in Pholidocidaris. Genera— 
Pholidocidaris and Lqndesthes^ both of Meek & Worthen, from the Lower 
Carboniferous. 

Order 5. Plesiocidaroida, Duncan. 

Echinoidea Regularia Endobranchiata with a small rigid test, 
peristome and periproct central and opposite. Periproct in the centre 
of an apical system of large plates, which forms half of the whole 
test The ambulacral areas are short and biserial. Their plates are 
all simple primaries. The interambulacra have each a single peristomial 
plate. 

Family 1. Tiarechinidae. Plesiocidaroida with desmactinic ambu¬ 
lacra {i.e. ambulacra continuous from peristome to apical system). Each 
interambulacrum consists of four plates, viz. a single peristomial plate 
and three tall, vertical plates in a horizontal row. Genus — Tmrerhinus, 



1 



Tiarechinus Nfuiiin>i ; Tim, T>ioI. 1, fioin the side; Troin below ; 

3, tlie apical system (inagniticd). 


Ncuniayr; Trias, Tyrol. The figures (Fig. XVIII.) show its enormous 
apical disc, small ambulacra, and vertical iiiterambulacral plates. 

Family 2. Lysechinidae. Plesiocidaroida with ambulacra limited to 
grooves on lower surface of the test. Each interambulacrum begins with 
a single peristomial plate succeeded by a row of two plates, and this by 
one or more containing three plates. Genus— Lysechinus^ Greg. (34); 
Trias, Tyrol. 

This small order includes the two most aberrant of all known 
Echinoids. In Tiarechinus there are three vertical plates in each inter¬ 
ambulacrum, while the calyx is much larger and more crinoidal in 
aspect than in any other Echinoid. It has hence been regarded as an 
argument in favour of the origin of the Echinoidea from an ancestor in 
which the apical system was of great importance. Both known genera of 
Plesiocidaroida are small forms, and they appear to have lived under 
unfavourable conditions in Triassic lagoons, for the Echinoids with which 
they are associated are all dwarfed. Hence it seems more natural to 
dismiss Tiarechinus and Lysechinus as two aberrant genera, in which the 
test was strengthened by the development of the apical plates. Thus they 
have no bearing on the character of the ancestral Echinoid. 

20 
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SuB'Class 2. Ukqularia Ectobranchiata. 

Kchinoulea with mouth and anus at opposite poles. Endocyclic, with 
external gills. 

Order 1. Diademoida, Duncan. 

Echinoidea Regularia Ectobranchiata in which the mouth and anus 
are both central and opposite. The anus opens in the centre of the apical 
system (which xnay however be rudimentary). The external branchiae 
pass out through the buccal clefts. A dental apparatus is present 
There are no interambulacral plates on the peristomial membrane. The 
ambulacral plates are generally compound. 

This Older marks a great advance on any of those previously 
defined. The ambulacral plates in some forms remain as simple 
primaries, but in the majority they unite into compound plates, different 
from anything met with lu the preceding groups. At the same time 
external gills appear, with or without internal gills, and none of the 
interambulacral plates occur on the perisbnnial membrane. The order is 
accepted practically as defined by Duncan,^ but his mcthcxl of division is 
not followed. 


Si b-Order 1. Calycina. 

Diailemoida iii which the apical system is veiy large and inclinles 
one or more supplementary suranal plates. 

As we have seen lii the description of Tiamhinus and LysnhinuSy 
these small forms gained strength by the development of a series of 

large apical plates. In one group of the Diademoida the same result 

is obtained by the incorporation of one or more “suranal plates” 
in the apical system Like TiarechinuSy 
the Echinuids in which this feature first 
appeared are very small. The character has 
persisted from tlie Trias to the present time, 
but the Echinoidc in w Inch it occurs are never 
large. 

Family 1. Saleniidae. Calycina in 

which th ambulacral plates are simple 

primaries, and there is one large suranal 
plate ill the apical system. Genera —SaUniay 
Gray ; HeteroBaUniay Cott ; PeUaateSy L. Ag. 
(Fig. XVI. 6 ; Fig. XIX.); Goniophornty L. Ag.; 
saUnia varhpina. AbftctiiMl Baueria, Eliert. 
suriiee. ’ 

Family 2. Acrosalemiidae. Calycina in 
which there are one or more suranal plates in the apical system; the 
ambulacral plates are simple primaries near the apical system, but com¬ 
pound, with demi-plates near the peristome. Genus —AcrotdUnioy L. Ag. 

^ The perignsthic girdle ie not always continnoos as stated in hia diagnosis.— 
Doncan (24), p. 24. 
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Sub-Ordeu 2. Aubacina. 

Diademoida in which the anibulacral plates are simple primaries 
near the apical area ; at the ambitus they are compound. Some or 
all of the compound plates consist of a large central primary, on either 
side of which is a small demi-plate. (These plates are on the “ arbacioid ” 
type of Duncan.) 

The Echinoids of this sub-order conUiin forms characterised by remark¬ 
able simplicity of structure. The iiiterambulacral plates are largt* and 
generally of the Cidarid type. The ])eristome is large. The ambulacra 
are iiariow except on the ambitus anti near the peristome, where they 
often expand somewhat suddenly. The ajjical sy.stem is large and simide. 
There are two families, one of Avhich is typically Jurassic, and the 
other typically Caimtzoic. This difference in age has probably delayed 
the recognition of the re^eniblance.s between the two families. There 
are, however, several (Cetaceous genera which link the Jurassic and the 
C.iin(»/oic Ibrms, and thu.s support the idea that the Arbaciidae are the 
tiercendants of the llemicidaridae. 

Fasiily 1. Hemicidauidak. Arbacina in which the ambulacral 
plates are narrow, and consi-st of simple primary jdates for «ome 
distance from the apex. The compound plates are few in number, 

and irregular in arrangement; the arbacioid _ 

type of plate is not extensively developed, 
many of the compound plates being diu- 
demoid, though with the sutures approach- d 
ing the arbacioid character (Fig. XX.). This 

family is not well marked off from the 7 D— 

Arbaciidae. It represents the characters of / 

that family imperfectly developed. Genera ^ \ -r 

—HemindariSj L. Ag. (Fig. XVI. 4 ; Fig. 

XX.), 18 the most important; Acrocidaris, 

L. Ag. , (woniojnjijtus^ L. Ag. , tmopeltu, 

Fonud ; (Jidaropni^ C«)tt. ; (UmMcm. L. Ag. : KUin.; .Ihuismc. .showing' the 
, A . , , arljocjoul vtnu-lure of Ih*’ 

Lejdocidans^ Quensledt, and .several sub- (Alter liuucau.) 

genera. 

Family 2. Aruaciidak. Arbacina with small, generally sub-conical 
tests. They are ornamented by numerous granules ; a bare space occurs 
in the middle of the upper part of each interambulacrum. The am¬ 
bulacral plates are mainly on the arbacioid type, but there are some 
primaries near the apical system, and a few diademuid plates between 
the primaries and the arbacioid plates. Ocular pores double. This 
family includes four primitive genera; of these two are only known 
living, one occurs in the North American Cainozoic, and the fourth 
ranges from the Eocene to the present day. The main distinctions 
from the Hemicidaridae are that in the ambulacra there are fewer 
primaries and more compound plates, and that the union of the iiiter- 
ambulacrol plates is strengthened by the development of a series of 
knobs and socketa These occur on the facets of the plates, the knobs 
of one plate fitting into the sockets of the next (Fig. XXI. 2). 
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Genera— Arbacia^ Gray; Echinocidans^ Dune. 71071 Desmoulins; Coelo- 
•plcurxiSy Ag. ; PodocidanSy A. Ag. 

Sub-Order 3. Diademina. 

Diadenioida including a series of Echinids in which the compound 
ambulacral plates gradually increase in complexity. In the simplest 
forms all the plates are simple primaries; in others, some of the plates 





1 Fio. XXI. 2 

Aifxfcia nigra, 1, aiubulacral plate ; ‘J, iiitemiibnlncml plate sliowui;; articular 
pits (p) aud kiiolm (A). 


are compound, each being formed of three primaries (the diademoid 
type); in others, again, some of the plates consist of three or more prim¬ 
aries and one or more demi-plates, which occur between the aboral and 
middle primaries. 

This is the largest of the sub-orders of regular Echinoidea and 
includes im^Kirtant families. It represents an evolutionary series from 
the primitive Eodiadema to the complex Cyphosomatidae or the 
abnormal Echinothuridae. The simplest members of the sub-order can¬ 
not be distinguished from the Saleniidae by ambulacral structure alone, 

but they are clearly separated by 
the absence in this group of any 
suranal plate. 

Family 1. Ortuopsidae. 
Diademina with the ambulacral 
plates all simple primaries, and 
the pore-pairs in a simple series. 
This interesting family includes 
a series of simple Echinoids, 
which form the beginning of the 
sub-order Diademina. It in¬ 
cludes seven genera ranging from 
the Middle Lias to the present day, viz. Eodiadmay Dune. ; Archaeo-^ 
diademay Greg.; OrthoptiSy Cott; Oymnodiadernay Lor. ; Peroniay Dune. ; 
Echinoptisy L. Ag. ; Atpidodiadmoy A. Ag. Tlie only living genus is 
Aipidodiadma, a deep-sea form dredged by the Challenger. It has 
been made the type of a special family by Duncan, but it seems to 



1 Fui. XXII. 2 


A^pidodiadtma tomum (after A. Agassiz). 1, from 
the Bide; 2, firom above showing the apical system 
composed of a single ring of ten plates. 
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be a survival of the Orthopsidae. The apical plates form a single 
circle, within which are five large anal plates around the anus (Fig. 
XXII.). 

Family 2. Diadematidae. Diademina in which the anibulacral 
plates at the ambitus are compound, and consist of three (Fig. XXIII.) 
or more (Fig. XXIV.) primaries fused together with an occasional demi- 



I 'K.. XXIII. 

('oiiiiKjinul anihiila- 
(lal p1al«>s or 
•hadenia hfimspharnra, 
llio Minnie tliadeuioul 
tyiw* <)ftline |inniarjes 


C<'iiii»oniul anibulacral 
jilatH of IWudodutdema 
hfmuphan tai, containing a 
deim-plate (d) 



CoiiipouiMl ainhulacial plates 

of I'ldcDtlKtilema Mii.h<ltni (afti i 

I buicari); one toi in< d of foui aii<I 
llu* ollici of fiM* components 


])Lite (d). This family includes fourteen genera ranging fnun the Li.is 
to recent times, viz. Dmdnna^ Gray; Psendodiadema^ Dcsor (Figs. XXill , 
XXIV.); Microdiademaj Cott ; DiademopsL^ Desor ; Hemipt'diua^ Wiiglit ; 
Kchinodiadeina, Cott. ; Plewodiadcma^ Lor. ; I^lacodiadcma^ Dune. (Fig. 
.\XV.); Hcterodiademiy (^ott.; Codiopsi% L. Ag. ; Maynosw^ Mich.. 
(Waldutj Dcs. ; CentrosOpIuinus, Peters; Hclikodiadema^ Gregory. 

Family 3. DiPLorouiiDAic. Diademina in which the anibulacral 



ri(j. x.xvi. 

Ainbulncval plate** of DljJnpmha 
. < < s’j/wtra (after nnncaii), «liowin}» the 
biscnal arrangcincnt of the ixirr-pairs. 



C*inii)ouutl anibulacral plates 
of I'vthna iiinitlH . one plate 
consists of till PC primaries 
an*l one of a central piimai'y 
aiul two denii-plali's (Jl; the 
jHiic-iiairs occur in oblnpu* 
SCI ICS, w itli thr»*«‘ jMiirs in each. 


plates arc compound ; the pore-pairs are biserial cither throughout the 
area, or at least near the peristome (Fig. XXVI.). Genera— Edplo^mdut, 
M*C»)y ; PhymechiniiSy Des.; Atieroptisy Cott.; DiplotaymUy Schluter; 
iUidophyniay Peron & Gautliier; (?) Acanthechinusy Duncan & Sladen ; 
MicropygcLy A. Ag. 

Family 4. Pedinidae. Diademina in which the anibulacral plates 
are compound and the jiore-pairs are triserial (Pig. XXVII.). Genera— 
PedinOy Ag.; Pscndopediwty Cott. ; Heterocidarhy Cott.; StomcchinuSy Des.: 
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Polycyphviiy Aj'. ; PedimthurWy Greg. ; Micropedina^ Cott. ; CodechivuSt 
Des.; Echinoprdiua^ Cott.; Echinothrix^ Pet; Astropyga^ Gray. 

Famii.y 5. Cyphosomatidae. Diadeniina in wliich the ambulacral 
plates are coiiipoimd ; they are high with from three to seven pore-pairs 
in an arc ; the ndoral and supra-adoral, and sometimes also tlic aboral 
plates are primaries. The remaining constituents 
demi-plates (Fig. XXVIII.). Genera— Activo- 
^ phijmn^ Cott. & Gauth.; Cyphoacynutj Ag. ; Lnoscyniay 

^ ^ Gott & Triger ; Gauthieriay Laml3.; Thylechinns, 

^ ^ 'V Pomel; Coptornna^ Des. ; MicropdSy Cott; Orthe- 
^ Fio XXVIII c/imu.?, Gauthier (sxn. G'a^a72V7, Dune.); Tnplaridia^ 

Anibulacr«l plate of 

Vi/phosoma, composed of Ill the normal compound ambulacral plates of 
(lend'piBtPs*"^'* **** * tbe Diadematidae each plate consists of three prim¬ 
aries ; but, as in the case of Fig. XXIV., an extra 
dei.'.i-plate sometimes a])pears below the uppermost primary. This is the 
link between the tv]ncal Diadematidae and Cyphosomatidae. Demi-plates 
appear in Diadematids m the Middle Oolites ; the Cyphosomatidae begin 
in the Upper Oolites and attain their maximum in the Cretaceous. The 
last members of the family lived in the Eocene. 

Family C. Echinothurtdak. Diademina in which the test is more 


or less flexible ; the jilates arc thin and usually separated by membrane. 
Apical system rudimentary (Fig. X.); ambulacral plates triserial, arranged 
typically in triplets of a centml primary between two klasma-plate.*^. In 
one genus three trijilets unite together to form a single plate. Tliis 
interesting family was fouiidc<l by Wyville Thomson to include the 
Chalk fo.s.'‘il Erhinothuria, S. P. Wooclw., and some living Kchinoida 
dredged by the Porcupive Expedition. As the tests are flexible and 
the jilates overlap, tlic family xvas at first com]>nred with the Palaeozoic 
Kchinoids. P. and F. »Sara.sin argued from the rudimentary nature of the 
apical disc, and from the great size of the “ Stewart^s organs ” and the 
X)re8ence of powerful radial muscles (the txvo latte* characters licing very 
noticeable in a new species of A described by those authors) that 

the Echinothuridae were a primitive family of hlchinoids, and helped to 
establish the origin of this class from a Holothuroid ancestor. Keviani 


accepted thi.s conclusion. But, as lias recently been shown (Gregory. 
35), the family is an offshoot from the Pedinidae ; the genus Pedivo- 
thuria helps to bridge the gap lietween Pedina and the oldest known 
Echinothurid —PelanechinuL 


Sub-Family 1. PELANKCHiNiNAr:. Echinothurids of which the am 


bulacral plates are comjiound ; those near the apex consist of two demi- 
plates and a large middle primary. Those at the ambitus consist of 
three sets of three plates united into a single polyporous plate; each 
triplet of this compound plate consists of a primary between two demi- 
plates or klasma-plates. Genus— Pelanechinut^ Keeping; Corallian, 
Wiltshire. An admirable account of the genus bos been given by Groom 
(37). Sub-Family 2. Echinothurinab. Echinothuridae in which the 
ambulacral plates are simple and free ; they consist of triplets, each com- 
)i 08 ed of a large central primary, and with an isolated klasma-plate above 
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and below it. Qenera— Echinothuria^ S. P. Woodw.; from the Chalk ; 
Afithejumnuk, Grube (Fig. XXIX.), a living genus with large “ Stewart’s 
organs’* and powerful radial muscles; and P/w>rmo8o?>m, Wyv. Thomson, 
with rudimentary Stewart's organs and without powerful radial muscles. 
In the Echinothurinae the reduction in the calcification of the test, 
which had begun in Pdanechmux^ has been earned so far, that all the 
ambulacral plates ai*e disunited, but are held together by strong muscular 
lining. In Asthenosoma there is, in addition, a series of j^owerful radial 
muscles (Fig.^XXX.), which give a ]>anting motion to the test. The 



Fig. XX!.\. 

itfCAcHOMYNa hj/Htrix, Oral surface ; the tipn of Uie jjoN h are set n pioti udnig thiouKit 
the iHM'iHtoiiiial luembnine. 

spines are covered by epithelium, and when handled can intiict a shiirj» 
sting. 

SUU-OhDKR 4. ECHININA. 

Diademoida in which the ambulacral plates typically consist of an 
aboral and adoral primary, between which are one or more demi^plates. 
The Bub*order includes a series of Echinoids, in the simplest of which the 
compound ambulacral plates consist of three primaries, and are separated 
from one another by free primaries. 

In the sub-order Arbacina the plates of the test are often fixed 
together by aockets and knobs (Fig. XXL 2), while in some genera, such 
as Olyptieuif there is a great development of the subsidiary ornament. In 
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the simplest forms of the Echinina both characters are further developed. In 
the Chalk genera, Glifpliocyphus and Zeiiglopleums (Fig. XXXI.), the sutures 

are excavated by deep hollows, while the plates 
are thickened by granules and ridges. From 
such forms as these there is a gradual transi¬ 
tion to others with deep pits, which dowel 
into the plates, os in Temyiopleuriis (Fig. 
XXXIL). The transition from the diademine 
to echininc type of ambulacral plates is 
shown by ZeiujlapleHnis and Ortholophus. In 
the former the plates consist of three fused 
primaries, separated by free primaries. The 
middle primary is often very small, and in 
Ortholophus is often reduced to a demi-plate. 
The plates then have the arrangement typical 
of Echinus. From this oligoporous plate 
the polyporous strongjdocentrotoid type is 
produced by the development of one or 
more deini-plates between the aboral and 
adoral primaries. 

This sub-order Iwgan in the Cretaceous. 

Family 1. Temnopleuridae. Echinina in which the compound 
ambulacral plates are fomed of three constituents. In the oldest and 
most primitive forms the three plates are all primaries ; in the later and 
more specialised types the middle plate is crowded into a demi-plate 
{i.e. the plates are on the Echinoid type). There is a great development 
of superficial ornamentation, and the plates are 
hollowed or undermined by depressions or pits. 

Sub-Family 1. Glyphocyphinae. Temnopleuridae 
in wdiich the compound ambulacral plates are com¬ 
posed of three primaries ; the plates are united by 
dowelling, but there are no sutural pits. Genera— 

OhjphocyphuSj Haime (syn. RhaMopleuruSy Cott.); 

ZeuglopU^iruSj Greg.; Echinoci/jihns, Cott.; Paradox- 
echinus, Laube ; Leiocyphis, Cott. Sub-Family 2. 

Ortholophinae. Temnopleuridae in which the com¬ 
pound ambulacral plates are composed of two primarie.s 
and an intermediate demi-plate. The plates are united 
by dowelling, but there are no sutural pits. Genera 
— Ortholophus, Dune.; Coptophyma, Peron & Gauth.; 

Lepidopleurus, Dune. & Slad.; (?) Trigonocidarit, A. 

Ag.; Dictyopleurus, Dune. & Slad.; Arachniopleums, 

Dune. & Slad. {Radioeyphus, Cott). Sub-Family 3. 

Temnopleurinab. Temnopleuridae in which the 
compound ambulacral plates are composed of two lacrum allowing limpie 
primaries and an intermediate demi-plate. True 
sutural pits occur, and these often undermine the 
plates (Fig. XXXIL). Genera — TemnopUurut, Ag.; Tmiuchinus, 
Forbes ; Opkhmvs, Desor ; PUnrechinus, Ag. ; SaJLmacU, Ag. ; Salma- 



Eio. XXXI. 

ZeugUfideurun coshUtt- 
lHi>, Oreg.; plfttet of 



Fni X.\X. 

Radial muscle oT AMhtnosoma. 
(After P, and F. Sara^tin ) 



THE ECHINOJDEA 


313 


Doderlein; Mespilia^ Desor; Microcyphns^ Ag. ; Amhlypneusteif 
Ag. ; QoniopneuBteSy Dune.; {!) HotopneusteSy Ag.; Grammechinuty Dune. 
& Slad. 

Family 2. Tkiplbchinidae. Echinina in whieh the ambulaeral plates 
consist of two primaries and an intermediate dcnii-plate. The three pairs 
of pores are arranged in arcs of triplets; the sutural faces of all plates 
arc smooth ; and there are no pits or grooves in their substance ; so that 
in these three respects the Triplechinidae differ from the Temnopleuridae, 
though an approach to this family is shown by Grammechinxis. Genera— 
EchimiSy Linn.; PmmmechimiSy Ag. ; Micropsinay Cott ; LeiopedinOy Cott.; 
TripiiemteSy Ag. ( = Hipponoe); Stirechhwsy Desor; GlyptcchinvSy Lor.; 
Hyheihinus, Desor; Toxopnevstea^ A. Ag. ; HolctiHy Desor ; KrevliinuSy 
Verrill ; PedinnpstSy Cott. 



Fio. xxxn. 

Ttmnojtlnit us toieumuttvus (after Ai;asHuX '«ho\viiii; the pitteU test. 


Family 3. Strokgylockntuotidak. Echinina witli more than three 
constituents in each ambulaeral plate, the pores being in high curved 
arcs. Genera— Strovyylocentrotusy Brandi; Sphacrechinusy Desor; Echino- 
sirephusy A. Ag.; KurypiieunteSy Duncan & Sladen; Pseudoholctiay Trosch. ; 
Aeolopneustesy Dune. & Slad. 

Family 4. Echinombtridae. Echinina with three or more con¬ 
stituents in each ambulaeral plate. The test is elongate, and the long 
axis does not coincide with the antero-posterior axis. Genera— Echino^ 
me^Oy Gray; Stomopneust^y Ag.; Heterocentrotus and ColobocentrotuSy 
Brandt; ParoMlmiay A. Ag. The elliptical shape of the test is the most 
remarkable character in this family. The pcrignathic girdle is very 
powerful, each arch being surmounted by a cap (Fig. XIII. 4). The 
spines are large and very varied in form. In IfeterocefUrotus the 
secondary spines form a fur below the primary spines (Fig. XXXIIl.); 
in Oolohoemtrotui the spines are stout and end in flat surfaces; they 
are so crowded together as to form a natural armour-plate (Fig. 
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twnnuuifVttiK {aHvy A^;a^HJz), relation ol pnnt.iry ami Hpcondary Hinnra. 



Fi«. XXXIV. 

Cdloboeentrotui atnitn^, Hlmwing the teaiiellftte ariengeiuent of the epines. 


XXXIV.)* The spines of the Triassic genus, Anauloddarit^ Zitt., had 
a similar arrangement. 
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Sqij-Class 3 . Irrkgulaiua, Deflor. 

Echinoidea in which the anus lies outside the apical system of plates 
in the posterior interradius. 

Order 1. Gnathostomata, Zittei. 

Echinoidea Irregularia with a central peristome surrounded by a 
perignathic girdle : jaws present, but sometimes rudimentary. Ambu¬ 
lacra all similar. 

This is the first of the two orders nf Irregular Echinoidea, and 
differs from the other order—the Spaiangoida—by the presence of a 
perignathic girdle and jaws. As in the Regular Echinoids, there is a 
marked tendency for the anus to ])ass backward out of the apical 
[dates. In Pinjastei' the [U'ristonie is inuch like that of StmnrchimiSy 
and the ambulacral plates are sometimes compound ; the jaws arc* fragile, 
but otherwise normal. The only 
character that excludes the genu*' 
from the Diademoida is that 
the anus opens outside the ajncal 
plates (Fig. XXXV. 1). Pygaster is 
thus the nearest form we know 
to the ancestor of all the Clypc- 
astroid and S[)atangoid sea-urchin^. 

The order (iiiathostomata in¬ 
cludes three main series. The first 
was ty[)ically Mesozoic, and was 
characterised by the reduction in 
the functional importance of the 
jaws, and the formation of the 
perignathic girdle into a high tubu¬ 
lar jieristome. From this series 
branches diverged in opposite 
directions. In one the jaws dis- l.oskp; Cli.alk. ; 

appeared and tUc perignathic girdle Vtml;- "" 

became rudimentary; while the 

ambulacral plates remained as in Pygastcr. This branch culminated in 
the aberrant group of the Galeritidae. Later on a second branch was 
given off; in this the jaws became of greater power ; the ambulacra 
became complex, parts of them expanding into petals, the podia of which 
act as branchiae. The Gnathostonmta may accordingly be divided into 
two sub-orders. 

Sub-Order 1. Holecttpina. 

Gnathostomata in which the jaws are reduced in size and strength. 
In the most primitive members the jaws are arranged as in the 
Diademoida; but in later forms they are inside a tubular perignathic 
girdle. The jaws do not worK on sockets. 



Fio. XXXV 
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This sub-order is dithcult to characterise, as it includes the primitive 
Irregular Echinoids, as well as one series of these forms which has 
continued to the present day. 

Family 1. Pvoastebidae. Holectypina in which the peristome is 
large, and the perignathic girdle consists of disconnected processes. 
The ambularru are simple and apetaloid. Genera— Pi/gasfer, Ag. 
(Fig. XXX1' ; PtlcHSy Desor ; Pygastridesy Lov4n ; Holectypiu% Desor ; 
(?) PachyclypeuSj Desor; Galeropygus^ Cott. Family 2. Discoidiidae. 
Holectypina in which the peristome is small and the perignatliic girdle 
tubular. Jaws unknown. Ambulacra apetaloid. Genera— Discoidea^ 
Gray ; nom. nov. Family 3. Galkuitidae. Holectypina 

in which the perignathic girdle is rudimentary, jaws are absent, and 
their place tiiken by ten buccal plate.®. Genera — GtdcrUes^ Lamk. 
(Fig. XXXV. 3) ; Lanirria, Dune. ; AdelopneusteSf Gauth.; (?) Copto- 
discas ^ Cott. & Gauth. Family 4. Conoclypeidae. Holectypina in 
which tlie peristome is ^mall ; the j»erigiiathic girdle tubular and high, 
surrounded by live bounelet®. Genera— Gonoclypeii<^ Ag. ; OvidypeuB^ 
Dames. 


Sub-Order 2 Clypeastrina. 

Gnathostumat I in which the jaws are powerful. The teeth .ire 
placed in pyramids, which articulate by a socket fitting on to vertical 
procc.sses ; the jaw.s only move horizontally, and have neither braces nor 
compasses (p. 289). The ambulacra are ))etaloid. 

Tliis sub-order includes a .<?erie8 of striking variations from the 
ordinary Echinoid type. Echinoryamus is the most primitive form, and 
.ippears to have developed from an ancestor clo'-ely allied to Protocyamna. 
The great advance in Echinocyamns is the e.\pansion of parts of the 
ambulacra into rudimentary petals (Fig. XXXVI.); in the upper part 
of the ambulacra the outer pores of the pore-piiirs have increased to small 
.**1118, and occur along curved lines, enclosing somewhat leaf-shaped areas. 
Jleyond these only a single pore occur.s in each ambulacral plate. The 
])erignathic girdle of Echinocyamns consi.sts of five vertical pegs, rising 
from the interradial peristomial plates ; this reminds us of Galcrites^ in 
which the perignathic girdle is reduced to five interradial thickenings. 
The .'.tructuml <lifferences between Protocyamtts and Echinocyamns are 
>mall, and their importance is exaggerated by the different shape of the tests. 
Ihit Echinocyamns was succeeded by a very divergent series. Most of the 
members of the group are long, broad, and low ; some are thin and flat. 
In these cases tlie upper surface regains the siipiwrt it loses owing to 
dciiarture from the dome-shaped form, by the development of pillars which 
pass from floor to roof. The ambulacra in the typical forms are petaloid, 
and the podia in these areas expand to act as branchiae (Fig. XXXVI.). In 
some cas«;s |K>rcs only occur in the petals ; in others they are scattered (►ver 
the test, occurring on both radial ami interradial plates. In some genera, 
such as Laganumy though tlie petaloid portions of the ambulacra are brtKsd, 

’ A name suggested in lieu of Echinites proposed by Duncan, but preoccupied by 
Lcske for Echinoids, and by Muller and Troschel for Asteroidea ; the iianio i.s selected 
to iDdic.ite the affinity of this echinoid with the Echinocyamus series. 
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they are narrower than tlic anibulacral plates in the extra-petaloid portions 
which expand laterally, and are much broader than the interambulacra. 
In the simplest members of this group the interambulacra are, however, 
continuous’’ from apical system to peristome (as in Lciganum ); but in 
the more advanced, such jis Rotukij the interambulacra are discontinuous/ 
the ambulacra meeting one another and cutting off the intcrambulacral 
peristomial plate from its connection with the rest of the interambulacrum. 
Another feature peculiar to tins sub>order is the presence of a series of 
furrows on the lower surface of the test; these are known as the actinal 
furrows, and they are either straight, as in the Clypeastridae, or bifurcating, 
as in the Scutellidae. 

Family 1. Fibulauudae. Clyi)eastrina with ambulacra in rudi¬ 
mentary open petals. The interambulacral plates are continuous. The 
pillars are slightly developed. The pcrignathic girdle consists of five 



Clypenstei 



1 2 

Fi(.. XXXMI. 

Kt'hnwryaMii* 1 , 

sm lace ahow iii}; Kinirle and 

foiii Kt^nilal iMjres ; 2, the U)W«‘i 
Rurtac** siiowiUK the :lnu^ inlfi- 
inedmlt' Wtneeii tin* centinl 
iiiuuUi and the post4*i lor l»order. 


single interradial processes. The peiistomial interradial plate is large. 
Genera— Echinocyamm, Phelsum (Fig. XXXVII.); Ag.; Sis- 

mondiUf Desor; Fibtdariaf Lain.; Thegastery Pome). 

Family 2. Laqanidae. Clypeastrina with anibulacra petaloid; 
numerous pores for prehensile podia occur in addition to the large pores 
for the respiratory {mdia. The interambulacral plates are ** continuous **; 
the peristomial plate is medium in size and bears a single perignathic 
process. The actinal furrows are simple and straight. Qenus —Laganunxy 
Blainv. 

Family 3. Scutellidae. Flat Clypeastrina with closed petaloid 
ambulacra. The interambulacral plates are ^ discontinuous ” in some or 
all of the areas; the peristomial plate is large and bears a single peri- 
guathic process. The actinal furrows are bifurcating. Genera —ScutelUty 
Lam. (Fig. XXXV. 4); Echinarachniuiy Leske ; EchinoditcuSy Ag.; Encopey 
Ag.; Mmophoray Ag.; Melliitty Ag.; Melitellay Dune.; AstridypeuSy Vervill; 
Lenita, Desor; MorUmiay Desor; BotulOy Ag. (Fig. IX.); Rotuloidtay 
Etheridge ; Movlimioy Ag.; (1) Rmuiy Ag. The most striking feature in 
this family is the extreme thinness and flatness of the tests. In some 
species, such as Scutella Btriatuloy the test may be 100 mm. in diameter, 
and only 10 mm. in height. The upper surface accordingly needs greater 
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support than it could obtain from tlie margin of the test; t!>i8 is ^iven by 
numerous ])illar8 which connect the upper and lower walls. The external 
margin is often uotche<l, as in ScaMu ; the notches may deepen into 
“slits” sepamted by linger-shaj»etl processes, as in RoUda (Fig. IX.). In 
some genera two adjacent processes unite at their free ends, and a hole 
is left through the test; such holes are known as “ lunules,” and occur in 
Mellita^ Momplvom^ etc. All the interambulacnil areas are discontinuous 
in some geueiti, e.g. Kneope^ but in Rotula and Mdlita one or two of the 
amis may Iks continuous from peristome to apex. 

Family 4. Clypeasthidak. Clyf>eastnii.i with closed iKjtaloid 
ambulacra. The interainbulacral plates are discontinuous; the peri- 
stomial plate is small. There are two perignathic processes in each 
iU*ea, and they are ambulacral in position. The actinal lurrow's arc 
straight. Sib-Family 1. Ci.ypeastrinae. Massive Clypeaslridae with 
closed petals; usually high. Genm,x — f'hjpmdt l.iani.; iLchiunnthuiif 
Le.ske Ih'plot h tea nfluf'iy Dune.); Dune.; AnouiaUinthuSy 

Bell; Monodiffhiit, Laube. Suh-Family 2 . Auachnoidinae. Flat, low 
Clypeaslridae with open petaK. (lencra —ArndinoidASy Ag.; Alennulnay 
Pfeifer. These genera are usually include^l as a sub-family of 
Scutellidae, which they resemble in external foiin. Their stiucture, 
however, allies them more iieaily with the Clyiiea.ster'', with which they 
agree in all fundamental charactei-s. They dilfer from the ScuWllidae 
by having (1) a very small peristomial inteiambulacral plate, winch in 
.Mjine species may be absent in .several areas ; .^2) straight, simjilc, actinal 
furrows ; (3) live pairs of ambulacr*d iieiignathic piocesses. 


OiiDEB 2. Atelostomata, Zittel. 

Echiiioidea Irregularia, in which theie are no jaws, teeth, perignathic 
girdle, or e.xternal branchiae. 

The Atelostomata introduce three additional structures, upon wdiich 
the classification within the order dejHiiids. These are the hternum, 
Hoscelle, and fascicle. In Echinoids previously considered the mouth is 
central or sub-centnd, and the live areas ar(iun<l it are of equal import¬ 
ance; but as the mouth becomes eccentric in position, one interradiua 
necessarily becomes longer than the rest. The anus is situated in this 
interradius, which requires some modification of the platc.s for the sake of 
increased strength. In the simplest of the Atelostomata the plates of the 
posterior interradius are but slightly different from those of the other areas 
but the plates are larger, and dovetail more deeply into one another. 
In Collyrites there is a slight advance on this plan, and in genera such as 
Echinocorys and Holcuter the plates dovetail so deeply as to form a strong 
sternum along the under side of the test This type is known as the 
“ meridostemous ’’ (Fig. XXXVIII. 1). In the next stage the first pair of 
plates in the interambulacrum increase in length, and lM>th are in contact 
with the peristomial plate of the same area, as in Taxoiter (Fig. XXXVIII. 2). 
This is the ^^amphistemous” type, the extreme form of which we see in 
SpatatigM purpurem (Fig. XXXVIII. 4). 
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We have seen tliat the upper parts of the ambulacra of Clypeastery etc., 
are mollified into petals. In one section of the Atelostoniata there is an 
analogous expansion of the ambulacra round the i)eristome into “ fioscelles.’* 


VI 



1 M,. XXXVI11. 


ot blcma. 1, lufiulosteinous , 3, 4, ainplosleinuiis ; J, 

\, hnuHoi'ya iitatii*; J, Tuxif'^Ui . 3, ( fisxu/ff/Hs, I, '^jmVnnjui pui'inuci"'. 

m, iiiuutli, r(, iiMUs. 


The peristomial inteiambulacral i>late.s are raised into projecting ridges 
known as ‘‘ bourrelets while the ambulacra are expanded into leaf-shaped 
area.s know'ii as “ phylloiles.’^ The pore-pairs of the phyllodes arc much 
l.irger than those of the rest of the ambulacium. The five bourrelets 
and five pliyllodes together form the llo.'-eelle, which is typical of the 
Cassidulidae. 

Among the Atelostoniata large ^])incs like those of (.'idar/s* are never 
found. The spines are very 
numerous and generally email, 
forming a fur over the te^-t. 

In some cases specially imxli- 
fied spine.s occur crowded 
together along band.s (Figs. 

XXXIX.-XLI.), forming ‘‘fas- 
ciolcs.” There are five dif¬ 
ferent varieties: (1) The 

** peripetalous,” which encloses 
the p.taloiil portions of the 
ambulacra; (2) the ** subanal ” 

(s/iii Fig. XXXVIII. 4), which 
encloses a space, or **plastron,” below the anus; (3) the ^'marginal/’ along 
the border of the test; (4) the “ internal,” which crosses the petaloid 
portions of the ambulacra; and (5) the two ** lateral,” which run from 
the peripetalous to below the anus. All five kinds of fascioles never 
occur together in the same Echinoid. 



Flu. xxxix. 
Simple fasciole on 
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The Atelostomata include two main divisions, which develop along 
somewhat parallel lines. 



I'm. M.. 

C’oiiHH>uinl fa'»('n*le on |ait of test of .Ve* tO)mru-te^ (Afiei \'.rassj/.) 


SLB-OltDKR 1. AbTEUNAlV. 

Atelostomata with the peristome central and never bilabiate ; the 
ambulacra simple, sub-petaloid, or petaloid, and generally all five are 
similar. Floscelle generally present No stenmm. 

Family 1. EchinonSidae. Asternata witli narrow, apetuloid, similar 
ambulacra, and without floscelle. Genera— EchinoneuSy Van Plielsum ; 
GaleroclypeuSy Cott; GaleropyguSy Cott ; Hyboclypem, Ag. ; hifraclypengy 



Fio. XLI. 

Dlagnun of a SpatAOgoid Bchinoid. showingarrongenient of the fiucioles. i, internal fasciola; 
a, peripetalona fsseiole; 2, lateral fksciole; m, marginal fasciole; x.a, aubanal fasciole; o.n, anus. 

Qauth. ; NucUopyguSf Ag.; PUeuiy Desor; PachyclypetUt Desor; Pyrina^ 
Detmoulina 

Family 2. Nuclxolitidak. Asternata with sub-petaloid ambulacra 
and no floscelle. Genera —AmblypyguSf Ag. ; Anoehanus, Grube; Anor- 
ihapyyvs^ Oott; Bcirtopygui^ d'Orb. ; Caratomui^ Ag.; Dt$ouUa^ Oott; 
Haimea^ Micbelin ; Ilarumaf Dames ; NucUoliU$^ Lam. (syn. EMwiruiug ); 
Oligapodiaf Dune.; OUgopygiu^ Lor.; Pygaulut, Ag.; TrejncUopygua^ d’Orb. 
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Family 3. Casbidulidae. Asternata with closed, petaloid ambulacra; 
a floscelle is present Sub-Family 1 . Clypeina. Genera— Clypeus^ Leske; 
Clypeopyg^is and Faujasiay d’Orb.; Pseudodesorellay Station; Pygurostoma, 
Cott & Gauth.; Pygurus, Ag. Sub-Family 2. Cassidulinae. Genera— 
Australanthiis, Bittner; Breynella, Greg. ; Cassidulus, Lam.; Eurhodia, 
Archiac & Haime; ParalampaSy Dune. & Slad. ; Pygorhynchnsy Ag.; 
Rliynchopygiis, d’Orb. ; StigmatopyguSy d’Orb. Family 3. Cato- 

PYQINAE. Genera —CatopyguSy Ag. (Fig. XVI. 8); NeocatopygiiSy Dune. 
& Slad. ; Phyllohrisiusy Cott ; PaeiulocatopyguSy Cott. & Gauth. ; Stu~ 
derUiy Dune. Sub-Family 4. Echinolampinae. Genera— Conolampas^ 
A. Ag.; EchinolainpiiSy Gray; HeteroclypeuSy Cott.; Microlampas, Cott. ; 
Craterolavipasy Cott; Milletiay Dune.; NeolampaSy A. Ag.; Oiiolampas, 
Munier-Clialmas ; PalaeolamiyaSy Bell ; PhylloclypeuSy Lor. ; Plesiolampas, 
Dune. & Slad. ; Voli^geamy Cott & Gauth. Sub-P’amily 5. Eolam- 
PINAK. Genera —Archutcidy Ag. ; Aatero&tomay Ag. ; ClaviasteVy d’Orb. ; 
EolampaSy Dune. & Slad. 

SUB-OttDER 2. StERNATA. 

Atelostoniata with the peristome eccentric anteriorly (usually bilabiate). 
No llo.scelle ; anterior ambulacrum different from the rest. A sternum is 
present Fascioles sometimes present 

Family 1. Collyritidae. Sternata without floscelle. There is a 
rudimentary niendosternuin. The anterior ambulacrum is narrower 
than the otliers. Apical system disjunct; the three anterior ambulacra 
grouped together as the “trivium,” and the two postero-lateral am¬ 
bulacra as the “bivium.” There are no faacioles. Genera— CollynteSy 
Desmoulins ; Dysaster, Ag. (Fig. XVI. 6) ; Grasia and (?) MetaporhinuSy 
Michelin ; PygorhytUy Poinel. Owing to the disjunct apical system, this 
family has completely lost the radial symmetry, and presents some 
remarkable resemblances to the Pourtalesiidae. It appears, however, 
probable that while the Collyritidae have descended from some primitive 
aaternate form allied to HyboclyptiSy the Pourtalesiidae are degenerate 
forms of Prymnodesmian Sternata. 

Family 2. Echinocx)RYTHIDae. Meridosternous, labiate Sternata, with 
an elongate apical system, and the ambulacra separated into a bivium 
and triviuni. Fascioles present in some genera. Genera— Calymney 
Wyv. Thoms. ; Cardia$tery Forbes; Corastery Cott ; CystechinuSy A. Ag. ; 
EchinocorySy Leske (syn. AnanchyteSy Lam., Fig. XXXV. 2) ; Enallo- 
pnetisteSy Pomel; Eniehasiery Lor.; Entomastery Gauth.; Galeastevy Seunes ; 
Ouettariay Gauth.; Hagenoviay Dune.; HemipneusteSy Ag.; Holasiery Ag. 
(sub-gen. Stemotaxisy Lamb.); Infulastery Hagenow; JeroniOy Seunes; 
Lampadoitefy Cott.; OffadttTy Desor; OdastsTy Laube; Ovulastery Cott.; 
SUgasUfy Pomel; Steno?ita, Desor ; Tholastery ^unes ; UrechinuSy A. Ag. 

Family 3. Spatanqidae. Sternata with anterior ambulacrum re¬ 
duced ; apical system compact; sternum either ainphistemous or merido- 
stemouB. Section 1. AdbtinAS. Spatangidae without fascioles. Genera— 
Arehaeopimutesy Greg. ; ClypeaidhuSy Cott ; Eehinocrepisy A. Ag. ; Enallastery 
d’Orb. (Fig. XVI. 7) ; Epiastery d’Orb. ; Oenicopatagusy A. Ag. ; HemipatcijiuSy 
Decor; HeteroUmpaSyCoit; Itastery Desor ; Macradery Roem. ; (?)Megalakery 


21 
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Dune. ; PdloMlbfimLSy A. Ag.; Palaeopnewtea^ A. Ag.; PlatyhrwiLt, Grube ; 
Spatagocystisy A. Ag.; Toxastery Ag. Section 2. Prymnadetinab. Spa- 



Fi(». XU I. 

Brissapsis lyn/eru, Fcirbea, sp., showing [loilia in octioUi and peripetalous fasciole. 
(After Loven). 



Fio. XLIII. 

HtmMUt PhilinM, with young echinolda in the maraupU. (After Wyville Thomaon.) 

tangidae with fagcioles, but no subanal fasciole. Genera— Ahaiuiy Desor; 
AdSfCi and Aeropty Wyv. Thoms.; Agawmay Valentin; BfinoptUy Ag. 
(Fig. XLIL); Coraster, Cott; Dipneuiteiy Cott; Faorinoy Gray; Ami- 
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a$ter^ Desor (Fig. XLllI.); Homoeaster and Hypsospatagus^ Pomel; 
Iraniastery Cott. & Qauth.; Lambertiaster, Gauth.; Linthia^ Merian; 
Moiraj A. Ag.; MoiropsUy A. Ag.; Omithaster, Cott.; Pericosmiis^ 
Ag. ; PrenasteTy Desor; Schizaster^ Ag. Section 3. Prymnodesminae. 
Spatangidae with subanal fasciole. Genera — Argopatagusy A. Ag.; 
Bfimtpaiayusy Cott; Brismsy Leake; Breynuty Desor ; Cionohrismsy A. Ag.; 
CUidechintLSy Lor.; GycUister, Cott; Echinocardiuniy Gray; EupataguSy Ag.; 
Gaultieriay Desor; Gibhaatery Gauth.; HomolampaSy A. Ag.; hopneusteny 
Pomel; Linopneustes, A. Ag.; Loveniay Ag. & Desor; LinchophoruSy 
Dames; MacropneuateSy Ag.; Maretiay MeomUy and Metcdia, Gray ; Afi- 
craatcTy Ag. ; NacoapatangiiSy A. Ag.; NeopneusteSy Dune.; PalaeotropuSy 


m 



Periiitoniuil region of SinUanffim winmirm seen from inside the test (after Lovon). 1-V, the 
five aiiibuiacra 111 Wliicn the vi*itir;il senes ure each inarke(.l <i or b. 

Lovdn ; PygospatanguSy Cott ; Bhinobrissusy A. Ag.; SarsellUy Pomel ; 
Spatangomorphay Bdhm ; Spatangus, Leake (Figs. XLIV., XLV.); Stomo- 
poruHy Cott ; Titberadery Peron & Gauthier. 

Family 4. Palaeostomidae. Sternata with a pentagonal, alabiate 
peristome, provided with five buccal plates; a peripetalous fasciole. 
Genus —Paiaeodomay Lov4u (Ltskioy Gray). 

Family 5. Pourtalesiidae. Sternata with apetalous, flush ambulacra. 
Peristome in a deep anterior recess. Form elongate ; flat or oral surface. 
The ambttlacral plates are uniporous (Fig. XLVL). This family includes 
perhaps the three most perplexing of recent Echinoids ; but owing to the 
extreme fragility of the tests their study is difficult, and owiug to their 
great variability the classification is at present unsatisfactory. The typical 
genus PourtaUna is the subject of an elaborate memoir by Lov4n (58). It 
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has a disconnected apical system, the postero-lateral interambnlacrs meet¬ 
ing across it. In this and some other respects it resembles CollyriU^; but 
it has a sub-anal fasciole, and is probably to be regarded as a degenerate 
Spatangid rather than a direct descendant of the Mesozoic Collyritidae. 



liu \L\. 

The Heart Urchin (SputanijM purj^ureu'-). Abactiiiul mUo. 


The second genus Spatayocystia agrees with Pourlaltsia in the disruntion 
of the apical system, but it has no fasciole. The third genus Echinonepu 
also has no fasciole, but the apical system is compact. 



Fio. XLVI. 

Fcmrialtsia Jeffreyti (Wyv. Tboiiiaon). 


We are now in a position to discuss briefly, first, the relations 
of the Echinoidea to the other classes of Echinoderma, and 
secondly, the lines of evolution within the class itself. (Compare 
Chapter VIIL pp. 17, 33.) 
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Each of the main groups of Echinoderma has been at one time 
regarded as the ancestor or nearest ally of the Echinoids, and the 
question is still highly conjectural. Embryology gives very little 
assistance. Study of the development of a young Echinothurid, 
EchirmyamuSy or Hemiaster (Fig. XLVIL) teaches important lessons 
as to the affinities between those forms and other Echinoids. It 
shows that the young Echinothurid resembles the Diaderaoida, 
and that the young Hemiaster is endocyclic. But the earlier larval 
stages have been so affected 
by secondary variations 
that they give no satis¬ 
factory information as to 
whether the Echinoids arc 
nearest to the Cystids, 

Crinoids, Holothurians, or 
Stelleroids. 

The Crinoids are so 
unlike the Echinoids in ap¬ 
pearance and structure, 
that we know of no form 

Qr\r\anra fr\ linlr fho Ijirval form of//mmsf#-}-rffjvrwosrt, ill the cmlocyclic 

tniiD appears to iinK rne (Afur Agassiz) 

two classes. ' Neverthe¬ 
less, the Echinoidea have been regarded as descended from a 
Crinoid-like ancestor. The acquirement of a radial symmetry 
was unquestionably the most important event in the develop¬ 
ment of the ancestral Echinoderm; it is easiest to explain this 
as the result of fixation, and therefore the fixed, stalked forms 
have been claimed as the ancestors of the free forms. It is further 
argued that this conclusion is supported by the occurrence on the 
abactinal side of some Echinoids and Stelleroids of a series of plates 
known as the apical system. This system includes a central plate 
surrounded by two circles of plates. The theory has been urged, 
especially by the late P. H. Carj>enter and by AV. P. Sladen, that 
the plates of this apical system are homologous with those of the 
calyx of the Pelmatozoa, and are to be regarded as relics from a 
period when those plates were of great functional importance. 
Unfortunately for this view, however, the calycinal or apical plates 
are either absent or unimportant in the oldest Echinoids and 
Asteroids; and it is in later groups, such as the Saleniidae and 
Cidaridae, that the plates are developed on the supposed ancestral 
plan. Moreover, instead of Tiarechinus —in which the apical plates 
are most important—^being ancestral, it is almost certainly an 
aberrant, and somewhat degenerate offshoot. 

The last blow to the idea of the apical plates of Echinoids 
being homologous with the calyx plates of Crinoids, has been 
given by MacBride, who, on embryological grounds, urges that 



Fuj. XIMl. 
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the abactinal poles of Asteroids and Crinoids, on which these plates 
develop, have nothing to do with one another. MacBride recognises 
the influence of fixation on the anatomy of Starfish and Echinoids, 
but maintains that such fixation was by the actinal surface in 
these two classes, whereas in Crinoids it was by the abactinal 
surface. (See, however. Chapter VIII. p. 14.) 

The question as to which of the groups of organs first acquired 
the radial character is of great importance in connection with the 
origin of the Echinoderma. The Sarasins, who made a detailed 
study of the Echinothuridae, were much impressed with the 
importance of the radial muscles, and suggested that it was the 
muscles that first became pentamerous. There are many striking 
points of resemblance between such a form as Aslhenosoma and the 
Holothurians. The Sarasins therefore ridiculed the supposed Crinoid 
ancestor as a “ Crinoid phantom,” and derived the Echinoidea from 
the Holothurians. This argument is based on the idea that the 
primitive characters of the Echinothuridae are due to inheritance 
from the ancestral Echinoid. But it appears most probable that 
the Echinothuridae arose from the Diademoid Pedina^ or from 
some close ally of that genus. The primitive characters of the 
Echinothuridae are therefore secondarily acquired, and are not 
original. The immediate ancestor of the family lived in the 
Jurassic, and not in the Palaeozoic seas. To accept this con* 
elusion means to abandon the derivation of the Echinoids from the 
Holothurians. 

Leuckart, in 1848, separated the Echinoderma into the three 
groups of the Pelmatozoa, Echinozoa, and Scytodermata, and this 
classification is still generally used in practice. In the two latest 
arrangements of the Echinoderma, those of Bell and Haeckel, the 
Echinoids are still grouped with the Stelleroids. They undoubtedly 
agree in several important characters, the members of both classes 
having the gonads pentamerous, the oral surface kept downward, 
and power of locomotion. 

The class Stelleroidea is older than that of the Echinoidea, but 
we know of no member of the former that can be regarded as the 
ancestor of the latter. 

The evidence in favour of the origin of Echinoids from Cystids 
or allied forms is more weighty. Neumayr advocated this view 
(64, 65), and it has recently received fresh support from Haeckel 
(36 on p. 213). Neumayr included Echinocystis in the Cystidea. 
The genus is, however, here included among the Echinoids. The 
uncertainty as to its position shows that there is an approximation 
between the two classes. We are, therefore, forced to the position 
that one group ^ of primitive Pelmatozoa diverged from the mam 
stem and approximated to the Echinoids; and that it was succeeded 

^ Separstod In Cbsptar XII. os a Claai—Edriossteroidea. 
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by Echinoids so similar in structure that it is hard to draw a satis¬ 
factory line of separation. 

Although the ancestral Echinoid is still unknown, the main 
lines of evolution in the class are clearly recognisable. The 
Echinoids began with forms having small, sac-like bodies, and a 
mouth and anus at opposite poles; the body was muscular, 
supported by a series of angular plates, of which five paira were 
perforated by pores. At the summit of the' test occurred the 
apertures of the alimentary, generative, and water - vascular 
systems; and the apertures of these systems were supported and 
held in place by a series of special plates. 

At first the palaeontological record is incomplete, the plates of 
the test being thin, fragile, and loosely fitted together. Hence 
there is a gap between the Echinoid just described and its next 
known successors, in which the interradial plates are irregular, 
and the apical system of plates is absent. But as the skeleton 
thickens, fossils become more abundant and better preserved. 
We can see the increase in the number of interambulacral 
and of ambulacral plates up to forms such as Melonites, Then, 
as the plates became stouter, the flexibility of the test was 
lost; thus the advantage of having small, numerous plates was 
lost. Hence the Echinoids with more than twenty rows of plates 
disappeared, and were succeeded by a group, the main feature of 
which was the consolidation of the test. About the same time 
there appeared an ofi'shoot from the main stem, in which the test 
was strengthened by a great development of the apical system; 
this arrangement reached its highest development in two aberrant 
genera (Tiarechinus and which lived in the Triassic 

coral lagoons of the Tyrol. The Melonitoida and Plesiocidaroida 
apparently left no issue, and all existing and post-Triassic Echinoids 
appear to have descended from the primitive genera of Cidaroida. 

From Cidaris, with its ambulacra of simple primary plates, the 
more complex types were developed by the crowding of the pore- 
pairs, and the decrease in size and increase in number of the 
spines; hence the ambulacral plates become compound, and the 
interambulacral plates bore numerous tubercles and granules, and 
thus gave rise to the various groups of Regular Echinoidea. In 
some deep-sea forms the calcification of the external skeleton is 
imperfect; the plates are thin and the muscles strong; by the 
imbrication and isolation of the plates there is a return to some of 
the features of the flexible Palaeozoic Echinoids. 

The main departure from the type of regular Echinoids is 
due to the backward movement of the anus interfering with 
the originally quinqueradiate arrangement of the organs (Fig. 
XLVL). The mouth passes forward, the jaws disappear, the 
ambulacral podia become specialised for respiration as well as 
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locomotion, the apical system of plates becomes compact, elongate, 
disjunct, or rudimentary, and a bilateral symmetry replaces the 
primitive, pentameral symmetry. At first the jaws are retained ; 
but as the body becomes bilateral, the mouth is constricted, and 
room for play of the jaws is lessened. No doubt all Echinoids get 
a proportion of nourishment from the mud and sand which they 
swallow; but as their jaws become smaller, and they can browse 
less effectively, th^ importance of this food-supply becomes more 
important. The development of a })rojecting under lip below the 
mouth was an advantage to the Echinoid, by enabling it to swallow 
more food. Hence the Irregular Echinoids began with teeth and a 
central mouth—a type first met with in the lower Jurassic ; later 
on, in the Jurassic, came the second type, in which there are no 
jaws and the mouth is eccentric; the former is the order Gnatho- 
stomata,and the latter the order Atelostomata. The Gnathostomata 
began in the Jurassic with the genus Pijgaster, which differs from 
the regular ectobranchiate Echinoids only by the anus opening 
behind the apical system; the Pygastridae were succeeded in the 
Cretaceous by the Discoidiidae, from one genus of which, Proto- 
cyamus, there is an easy passage to the Fibulariidac, and thus to 
the sub-order Clypeastrina. 

The order Atelostomata has apparently also been derived from 
a genus allied to Pygaster, The jaws are lost, and the apical 
system either remains compact or becomes elongate: the former 
series possibly began with Gmleropygns, whence the rest of the 
asternate forms were derived. The series with elongate apical 
systems began with some such genus as Hyhochjprus^ which led the 
way to the Collyritidae and Echinocorythidae, whence the higher 
Spatangid Echinoids descended. 
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coelom, 7 
Voelopleurusy 308 
collateral oigan, 23 
Cully r if My 321 
Gtdobocanlrulusy 313 
Golochiniay 230 
Gidpoater, 259 
columna, 48, 99. Sec also 

stem 

columuals 105, 132 
GunmrucyUtay 55 
(\tnuisteiy 196 
GuuuUhU^ 195, 196 
GomcUulinay 202 
ConuitureUoy 202 
compass (Eidj.). 239 
CfONjfS(('ifery 255 
Cumpsttcnn /f.s, 165 
ihmptvmay 253 

CondyhH^rninSy 201 
connective tissue, 28 
Omoclypa^iSy 316 
Conttcrinits (d’Orb), 194 

— (Troost), 202 
GmoUimpaSt 321 
convoluted organ, 136 
CophinuSy 202 
CoptodiacuSy 316 
Goptophymoy 312 
Goptoaomoy SIO 
Oiraaier, 322 
Gordytocrinua, 156 
corona (Crin.), 99 
CoronaaUTy 258 
Coronoerinusy 164 
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Cofyloerinua, 67 
Corynibocrinua, 162 
Coaeinasterias^ 258 
Ooifnasterias, 258 
CMmocnnus^ 179 
costalia, 141, 204 
Costata (Muller), 138; 

(Jaekel), 141 
CUtaidU^ 300 
CotylecTinH$f 198 
CotylederwAj 198 
OotyUdonocrinua^ 159 
covering-plates, 101. See 
also ambulacraLs 
OmapidaaUr^ 252 
OmUrina (Barr.), 46 
Craterolampaa^ 321 
CremacrintLa^ 148 
CreiUJtaUr (Perr.), 251 
OribreUa, 258 
CribrelliUa (Tate), 259 
cribriform organs, 251 
OrtHocyatiaf 77 
Crinoidea, diagnosed, 94 ; 
(Jaekel), 141 ; (Muller), 
138 ; (Roemer), 33 
— brachiata, 94, 138 
Oromyocrinua^ 181 
Chroaaaater, 256 
Cfrotalocrinua, 176 
crown, 99 

Orumenaecrinus, 202 
CfryptcuteTf 257 
Cryptoblasiua, 89, 92 
CryptocrinuH^ 69 
Cryptodisaia^ 164 
Oryptoachiamctj 84, 92 
Cryptozonia. 254 
CfryaUtliocyatia, 53 
CtenaaUr, 256 
Ctenocrinitaf 161 
CtetukliacMf 251 
Cuctanaria, 230 
Cuenot, L., 33, 218, 240, 
261, 294 
CulcUoy 254 
Oulieocrinua^ 156 
Chtpdlaeerinua, 156 
Cupreaaoerintu^ 177 
OupviaaUTt 259 
Oupuloorinua^ 202 
Cuvier, a., 1, 218, 226 
Cnvierian organs, 223 
Cyathidinm, 198 
Cyatbocrinacea, 171 
{^atbocrinidae (W. k Sp.), 
171 

Cyathocrlnoidea, 172 
O^aihoerinua, 173 
C^athoeyatia, 208 
Oyaathfo, 254 


Cyclcuter, 323 
Cyclocrinus (d’Orb.), 192 

— (Eichw.), 77 
Cydocystouieat 210 
Cylicocriniis (S. A. Mill.), 

166 

Cylicocrinua (Muller), 156 
Cypellocrhivs (Shum.), 
156 

— (Stein.), 177 
OyplLocrinus^ 199 
Cyphosoma, 310 
Cypresaocrintfs, 202 
CyrtidocrintM, 188 
CyTtocrinu.% 197 
Cystaster^ 207 
Cyatasteroidea, 205 
CystechiniLS^ 321 
Cy^tulea, diagnosed, 39 
Cyst idea (Barr.), 77 
Cysioblaaius^ 64 
Cystocidaroida, 300 
Cyaiocrinuay 202 
Cytocnmia, 161 

Dactylocrinva (Queust.), 
189 

~ (Slad.), 180 
JJactylocyatia^ 74 
Ikuhcrinuaf 182 
Daetnoiioeriniia, 202 

Decacnemoaf 202 
Dacadactylacrinna, 202 
Deatdocrinua, 180 
JJecameros^ 202 
Deiifuit 229 

deeper oral nervous system, 
30 

Delftcrinva^ 180 
iJeltacrinuat 148 
deltoidea, 100. See also 
oralia 

denii-plates, 288 
Democrinua^ 194 
Dendrocrinacea, 171 
Dendrocrinoidea^ 178 
Dendrocrinnaf 179 

— camhrienaia, 146 
Dendroq/at-U, 47 

dental papillae (Oph.), 272 
Derbes, A., 285 
dermal branchiae, 245 
DennaaUr^ 254 
desniactinic, 237 
Deamidocrinuaj 166 
Desor, E., 284 
Deaorella^ 320 
Deutoeyatia^ 46 
IHeUnUn^nnaiat 200 
IHadema, 309 
Diademioa, 308 


Diademoida, 306 
Ihadtmopaia^ 309 
Diamenocriiiua^ 200 
dibracbialia, 204 
Dichoa'inuaf 159 
dichotomy of arms, 112 
dicostalia, 204 
IHctyaateTi 258 
Dictyocrinuay 77 
Dicty/plenrita, 312 
dicyclic, 99, 110 
Dicyclica, diagnosed, 171 

— Cainerata, 198 

— Inadiinata, 171 
Dimeiocnnua (Pacht), 190 

— (Phill.), 198 
Jjimorphicriituay 84, 202 
Ihnitcyaliay 209 
DiplaaUruify 258 
hipleundUy 4 
Diplociibn'iay 303 
Diploimltay 309 
diplopores, 41 
Diploporita, 70 
Diplotai/vuiy 309 
Diplothecanth nay 318 
Uipntuaieay 322 
Dipaacuatefy 252 
Ikiaaaieriiuiy 254 

dusc. (Ast), 2 ; (Criii.), 
99; (Oph.), 262 
Diacocidariay 302 
IHacocyatiay 208 
Diaaadeay 316 
distal (Crin.), 109 
distichalia, 204 
DistineU, 178 
Dizyyocrinua, 168 
DitiatocrinWy 164 
DolidiocnnuSy 197 

DoliolocriHiiay 202 

J)(nutcicrinu8y 202 
Dofrifjowiy 253 
Doroculariay 302 
dorsal canal, 101 

— cup, 99 

— fossa, 116 

— organ, 23 

— shield, 262 
dorso-central, 14, 106 
Dorycrinuay 167 
Dujardin, F., 40, 260, 284 
Duncan, P. M., 284, 299, 

306 

Duvemoy, O. L., 240 
DyaaaUfy 321 
DytoaUfy 251 

Echinaadfvaay 318 
Kchinaraehnittay 317 
EehinaaUry 258 
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Echinaat^reUa, 257 
Echinid plane, 21 
Echinina^ 311 
Echinitea (Duncan), 316 
EchinobrUsus, 320 
Ediinocardium^ 323 
Echinocbrome, 23 
EchinoddarU (Dune.), 308 
Echinocorys^ 321 
EchinoertpiSy 324 
Echinocrinus {h, Ag.), 202 
Echifbocucumia^ 230 
EchinoqfamtLS, 317 
Eehinocyphiis, 312 
KchinocyatU (Hall), 70 

— (W. Thoms. ), 301 
Echinoderma, diagnosed, 34 
EchinodUuUma^ 309 
Echinodiacua (Ag.), 317 

— (Worth, k Mill.), 208 
Ecliinoencrinua^ 60 
Eebinoidea, 282 

— diagnosed, 299 
Echinolampaa, 321 
EckirumtirOr, 313 
EchinonMua^ 320 
Echinopedina, 310 
Echinopaia, 308 
EchinoapfiMrUt 63 
EchinoatrephiUt 313 
Echinothrixt 310 
Ecfiinoihuria^ 311 
Echinozoa, 33 
Echintta, 313 

— esculffUits^ 285 
Ectenocrinuaf 146 
Ectobranchiata, 306 
ectoderm, 30 
EdrioaateTf 209 
Edrioasteroidea, diagnosed, 

205 

EdriocrinuSt 191 
Edriocyatia^ 209 
Edwardaoerinua, 157 
Elaeacrinua, 88 
Elaaipoda, 226 
Eleuiherocrinua, 87, 92 
Eleuiherozoa, 33 

— diagnosed, 217 
Elpidia, 229 
Bmperoerinua, 202 
EnaUaaUrt 321 
Enalloerinua, 176 
Enallopneustea^ 321 
Biieope, 317 
Bncrinoa, 202 
Bnerintu, 181 
Endobranebiata, 300 
endocyelic (Bcb.), 294 

— gut (Grin.), 136 
endotbeoal foc^-grooves, 41 


Eniehaater, 321 
Enneacyatiat 67 
Enoploura^ 51 
ErUomaater^ 321 

EntrochtUt 202 
Enypniaateat 229 
EocyatUt 48 
Eodvademoy 308 
Eolampaa^ 321 
Eoluidiat 275 
Eoapondylu8t 275 
Epaciocrinua^ 177 
Epiaaitr^ 321 

epineural canal, 15, 30; 

(Oph.), 266 
epipodium, 288 
epitbecal fooibgrooves, 41 
epizygal, 108, 117 
Eretmocrinua^ 167 
Erinocyatiat 60 
EriaocrinuSt 181 
Etheridge, R. til., 91, 139 
ethmolysian, 295 
etbmopbract, 295 
Euasteroidea, 249 
Eublastoidea, 81 
Eucalyptocrinuat 164 
Euchirocrinua, 148 
Eucladia, 275 
Eucladocrinua^ 158 
Eucrinoidea, 139 
Eucrinua, 199 
Eucystiat 72 
Eudeaicrinua, 198 
EmliocrinuSt 195 
Eueebiuoidea, 299 
Engaater^ 274 
EugmiacriniiSf 197 
EupachycriwiSf 181 
Eupaiagua^ 323 
Euphronidea, 227 
Eupyrgua^ 233 
Burhodia, 321 
BuryaU (Konig.), 154 

— (Lam.), 276 
EuryaUcrinuaf 189 
Euryocrimiaf 190 
Burypneuat^ 313 
Euapirocrinua^ 173 
ButrochocrinuSf 167 
Evechinua, 313 
ezooyclic (Ecb.), 294 

— gut (Crin.), 136 
ezotbecid processes, 41 
external gills, 26 
£xtracrin%is, 182 
ey^ 32, 245 

Fabrlcius, 0., 218 
jFaon’iux, 322 
fascicle, 319 


Faujaaiat 321 
Ferdina^ 255 
Fibidaria^ 317 
fimbriated channels (Oph.), 
251 

finials, 115 

Fistulata (Jaekel), 141 ; 

(W. k Sp.) 139 
Fistulides, 218 
fixed brachials, 112 
Flabellocnnua, 182 
FlexaateTf 257 
Flexibilia, 140, 187 
floscelle, 319 
Forbes, E, 260 
Forbeaiocrinua (Ang.), 189 

— (de Ron.), 189 

— Agaaaizit 190 
forcipifonu pedicellariae, 

247 

forficiform pedicellariae, 
247 

food-groove, 100 
Freyella^ 259 
Fromia, 255 
Fungocyatia, 74 
FurcaaUr^ 275 

Oagart€t, 310 
GaleaaUr^ 321 
GaleriUSt 316 
OaleroclypeuSt 320 
OcUeropygua^ 316 
Gammarocrintiay 197 
GaneriOj 254 
Oanytneda, 203 
OaaterocorfiOy 177 
QaatraateTf 253 
(»as^rocrinitf, 179 
Gaudry, A., 240 
OaurocrinuSt 203 
OmUhienOy 310 
(Jaxacrinuay 188 
Oenicopatagtiay 321 
genital nerve ring, 266 

— organs, 24 

— plate, 264 

— rachis, 101 

— ring (Ecb.), 291 

— scale, 264 

— stolon, 23 

genitals (Ecb.), 286, 294 
Gennaaocrinuay 169 
Oeocotna (Fraas), 195 

— (d’Orb.), 278 
Oeocrinuay 168 
Oibbtistery 323 
Oilbertaocrintiay 201 

(Tissomnus, 175 
glandular organ, 28 

— pedicellariae, 31 


22 
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(rluphyt'ocystis, 60 
OltnoirtmUeSy 203 
Glyphocyphus^ 312 
(ilypiaster^ 198 
(Hyptechinua^ 313 
(tfypticus^ 307 
(Jlyptocrinusy 161 
Glyptocystidae, 58 
Glyptocystis^ 64 
GlyptospJuiera^ 73 
OncUhcLater^ 253 
Giiathocrinua, 203 
Gnatbostomata, 315 
gnathostoniate, 304 
GnorimocrinuSt 189 
Oold/usaia (Norman), 203 
Gomphocystia, 77 
gonads, 25 
Goniaaiert 253 
Goniaateroidocrin tia, 201 
Goniocidaria^ 302 | 

Goniocrinita, 179 I 

Goniodiacuaf 253 j 

Goniodatit 253 
Gonicpecteiit 251 
Goniophorua^ 306 
Goniopneuateat 313 
Goniopygua^ 307 
Oonocrinuay 60 
Gorgonocepkalua^ 276 
Oothocrinuat 179 
Grammechiniiay 313 
Orammocrinua, 203 
Granatoblastida, 92 
GranatocrinuSf 90 
Oraphiocrimia, 180 
Grasia, 321 
Gray, J. E., 240, 260 
Gregory, J. W., 261, 310 
Grube, A. £., 226 
Gualtieri, N., 284 
Giuiltieria, 323 
Guettardicrinuat 192 
OuetCaria, 321 
gut, 136 

Gyllenhal, J. A., 53 
Oymnaateria, 254 
Oymnchriaingoy 259 
G^nomnitf, 197 
308 

Hahroorinua^ 166 
ATiuiromniM, 164 
Haeckel, E., 40, 43, 48, 
49, 52, 826 
baenoial strands, 23 
JBagmovia^ 821 
HaimM, 820 
ffalUcysCii, 61 
Ualoerinuit 177 
Ealophandx^m 


Halyaiocrinua, 148 
Hamann, 0., 218, 240, 261 
Uapalocrinua, 156 
Ifaplocrimtaj 151 
Haplocyatia^ 208 
llaplodactyla^ 233 
haplopores, 41 
Hamiocrinuat 162 
heart, 23 

Hdianthaattrt 258 
Ileliaater^ 258 
Helikodiadma^ 309 
Jleliocnntiat 55 
Hdiocyatia^ 55 
Hdmintholithiia^ 203 
Hemiaster^ 322 
HemiculariSi 307 
Hemicosmtteay 66 
Hemicrinua^ 197 
Hemicyatiaj 207 
Hanievryale, 276 
Nemiglypha, 278 
Hemipatagua^ 321 
Hemipedina^ 309 
Uanipholia^ 278 
Ilemipiieuatea^ 321 
Henricia, 258 
Herouard, E., 218 
fferpetocrinuat 146 
Hertha^ 203 
HeUfobUtatua^ 90, 92 
Hderocentrotua, 313 
Heterocidaria^ 309 
IleUrodyptua^ 321 
lidtrocrinuay 146 
Ilderocyatia^ 67 
Heterodiademay 309 
HeterolampaSt 321 
Heterosalemay 306 
heterotomy, 112 
Jlexacrinuay 158 
IlexactUy 240 
Hexidacyatiay 66 
UihernuUiy 195 
HippaateruUy 253 
Ilipponoif 313 
Hoifmann, C. K., 285 
HolcuUr, 321 
Holectypina, 315 
HoUctypuSy 316 
Holocrinua, 182 
HohqfaiUy 47 
**Holocyatitea;^ 72 
HolopneuaU$y 818 
Holopua, 197 
HdUdJvwia^ 227 
—forakalit 220 
Holothurian plane, 20 
Holothttiioidea, diagnosed, 
218 

ffcnuUoerinuSf 189 


Jfomon'iuusy 179 
Ilomm'ystiay 64 
Homoeaskry 323 
HoimlawpaSy 323 
Hnphiatery 253 
/foplocrhiuay 145 
Hupe, H., 40, 284 
Huxley, T. H.. 33 
Jfybechinuay 313 
Uyhodypeuay 320 
Hybocrinuay 145 
Hybocysthy 95y 145 
HydraateriaSy 258 
IlydreioHffcrinuay 180 
JIydriocrinu8y 180 
hydrocircus 12, 102 
liydrocoel, 7 

hydrophores palinees, 44, 
46, 73 

hydropoi*e, 8, 103 
hydraspire plates, 86 
hydrospires, 83 
/lymenast&r, 257 
Jlymtnodiacuay 259 
Hyocrin'iiSy 153 
Hypanthocrinxiay 164 
Hyptrocrinuay 168 
Uyj)kaIaateTy 251 
I/ypoirinmy 178 
llyponojiiey 77, 195 
hy^iostereoin, 45 
Hypostoma, 260 
hypothecal, 2 
hypozygal, 108, 117 
/fypsoapalaguay 323 
J/yptiocrinuSy 199 
Ilystricnn\iay 158 

IchthyocrinxUy 188 
IcvnaaUTy 253 
IcoaidactylocrinuSy 203 

IdiocrixiuSy 188 
ilarionoy 320 
/iycrintUy 186 
llyodaeinony 229 
imperforate articulation, 
108 

Impinnata, 187 ; (of P. H. 
C.), 140 

Inaduuata dicyr.lica, 171 

— monooyclica, 144 

— (W. k Sp.), 139 
Inarticula^ 188 
Indianocrintu, 145 
inferradial, 112 
infrabasalia, infrabMals 

(Cri^.)* 99, 122 ; (Ast), 
246; (Oph.), 268 
If^raclypem, 820 
Infra-maiginals, 246 
Jt\fulaHer, 821 
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interambulacra (Ech.), 2S6 
interambulacrals (Crin.), 
109, 124 ; (Ast.), 241 ; 
(Ech.), 290 

interarticular substance, 28 
interaxillaries, 109, 204 
iuterbracliial areas, 246 
iuterbrachials, 109,118,204 
intercellular substance, 28 
intermargiiials, 246 
internodals, 107 
interpinniilars, 118 
interradii, 20 
intersecundibracbs, 118 
focrinus, 145 
Jraniaster^ 328 
//ya, 229 

Irregulares (Blastoidea), 91 
Irregularia (Ciin.), 139 ; 

(Ech.), 315 
Isdstcr (VeiT. ), 251 

— (Denor.), 321 
Isis, 182 

Isocrinus (Meyer), 182 

— (Phill.), 189 
Isopnensies, 323 
isotoroy, 112 

Jackson, R. T., 299, 302 
Jaeger, G. F., 226 
Jaekel, 0., 114, 116, 141, 
154, 171, 300 
jaw (Oph.). 263 

— plate, 264 
Jeronia, 321 
Juglandocrinus, 67 

K(illispi>n(fia, 203 
kidney, 23 
klasma-plates, 297 
Klein, J. T., 283 
Knhja, 229 
Koninckocidtiria, 302 
Koninckocriniis, 203 
KwelhrasUr, 256 
Kowalevsky, A., 218 
Krohn, A., 240, 261, 284 

LabidiaHer^ 259 
Labidodmas, 227 
lacunar plexus, 102 

— system, 26 
lAUtmogoM, 229 
Laganum, 817 
Lagenioerin^ 152 
Lahuseniocrinus, 200 
Lamarck, J. P. B., 226, 

240, 260, 284 
IdmberiiasUrt 823 
Lampadaster, 821 
Lampteroerintut, 199 


lancet-plate, 82 
iMnieria, 316 
Lankester, E. Ray, 33 
Lapilloq/stis, 46 
Litpivorthura, 275 
Lanrata, 141 
Larviformia, 139 
Lasiaster, 254 
lateral arm-plates, 270 
Lattbeocrinus, 170 
Lebruiiasler, 254 
Lecanocrinus, 188 
Lecythiocrinus, 177 
laecythocrinus, 175 
Leimter, 255 
Leiveyphus, 312 
Leiopedina, 313 
Ijeiosoma, 310 
Leniia, 317 
Leptidoct LHUS, 61 
Lepadocystis, 61 
Dpidaster, 255 
Li’pidesthes, 305 
Lppid<H'4’ntru$, 301 
LepidtK'idaris, 302 
Dpidodiscus, 208 
Lepidopleurus, 312 
Lepocrinites, 61 
Leptaster, 253 
Li'ptasterias, 258 
I^epiocidaris, 307 
lA’ptocrinus, 166 
Leptncystis, 201 
Leptogonaster, 253 
Leplopfychastppy 252 
leptostroterate, 254 
Leske, N. G., 284 
Icsfcid, 323 

Leiickart, R., 2, 33, 326 
/jeucophtfuUinus, 53 
Lichenocrinm, 133 
LichenocystiSf 56 
Lichenoides, 56 
ligament tissue, 28 
ligainentar fossae, 116 
Linchoph/yrus, 323 
Linck, J. H., 239, 260 
Linckia, 255 

Linnaeus, C., 53, 240, 260, 
284 

Linopneustes, 323 
Linthia, 823 
Lithocrinus, 189 
Ljungman, A., 260 
I/bocrinus, 168 
IjoboHihus, 77, 136, 161 
Lodanella, 46 
Lonchotaster, 251 
loose suture, 108 
Lophaater, 256 
L^hocrintat, 179 


Loriolaster, 257 
Loven, S., 14, 32, 285 
Loven’s plane, 21 
Lovenia, 323 

Ludwig, H., 218, 226, 240, 
261 

Luidia, 252 
Luidiaster, 251 
lunules, 293 
Lyman, T., 261 
lymph gills, 245 

— gland, 23, 27 
Lyriocrinus, 200 
lysactinic, 237 
Lysechinns, 805 
Lysocystis, 70 
Lysophiurac, 274 
Lytaster, 258 

M plane, 20 
Macnrocrinvs, 166 
MacBride, E. W., 13, 14, 
240, 261, 285, 325 
Mackintosh, IL W., 285 
Macraster, 321 
Macrocrinns, 168 
MacrocysteUa, 56 
Macropneustes, 323 
Macrostyh scrums, 162 
mailreporic gland, 23 
mailreporite, 11 ; (Ast.), 

241 ; (Ech.), 286. See 
also hy dropore 
Magmtsia, 309 
main-axil, 114 
Malocystis, 58 
nminelon, 287 
Mammastct, 255 
Mairtia, 323 
marginals, 241, 246 
Margituister, 254 
Mariacrinm, 161 
MatsipasUr, 257 
Marsipocrinus, 156 
Marsupiocrinns (Blainv.), 
185 

— (Hall), 200 

— (Phill.), 156 
AfarsupiUs, 185 
marsupium, 256 
Afastigocrinva, 179 
Alayraster, 257 
Meckel, J. F., 240 
AfediasUr, 253 
Afediiaacrinus, 203 
Afeduaaster, 259 
Afeekoeystia, 61 
Alegacyatia, 47 
Alegalaater, 821 
Aiegiatocrinua, 168 
AfeliUUa, 817 
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Mdlila, 317 
Melocrinoidea, 160 
Melocrimis, 161 
304 

Melonitoida, 803 
Meoma^ 323 
nieridosternous, 318 
Merocrtnus, 178 
Meseresy 227 
Mesoblastus, 90» 92 
MesocrinuSf 194 
MesocystiSf 75 
luesostereom, 45 
Mesothnrioy 227 
Mespilia^ 313 
AlespUocrinus (de Kon.), 
188 

— (Quenst.), 192 
Mtsptlocystis^ 77 
MelablcuttuSy 87, 92 
Metaerinus, 183 
Metcdia^ 323 
Metaparhinus^ 321 
MctopaMety 263 
Metrodirat 255 
MetschuikoflT, £., 218, 285 
Micraster^ 323 
Microerinua^ 20 ? 
Mxcrocyphus^ 313 
Microdutdenia, 309 
Microlampas, 321 
Micropedinu^ 310 

jM icropocrinua^ 198 
Micrtpaxna^ 313 
Micropsia^ 310 
Micropyga^ 309 
miliary granules 287 
Miller,- J. S., 97, 138 
Miller, S. A., 47, 260 
MUlericrinua, 191 
MUUtvf, 321 
MiitiasteTf 253 
Mimocyatis, 56 
MioapondylttSf 275 
MissouricrinuSf 153 
Mitel^haster, 253 
Mithroduin 258 
Afitraster, 253 
MitrocrinuSf 203 
Mitrocyttu, 50 
Moira, 323 
Moiroptis, 323 
Mdpadia, 233 
M<ma$Ur, 250 
monocyclic, 99, 110 
Monocyclica, diagnosed, 
144 

— Camemta, 159 

— Inaduoati^ 144 
Moncphofa^ 817 

M(ma$ly€hiat 818 


Moriaaitr, 252 
Mortonia, 317 
MtndiTisia, 317 
mouth-frame, 263 
mouth papillae, 241 
Mndleria, 227 
Muller, Joh., 40, 138, 218, 
240. 260, 261, 285 
muscle fibres, 27 
muscle fields, 262 
— fossae, 116 
Mycocnmu, 150 
Mydodactyhts, 146 
Alynotrochus, 234 
Myrttllocrinus, 177 
Myxasier, 257 

Xacospaiangus, 323 
Xanoci'inus, 177 
Xarcissia, 255 
Nardo, J. D., 240 
Nardoa, 265 
Neciria, 253 
yenuUocrinua, 150 
Neocatopygua^ 321 
Neocrinoidea, 139 
Neoerinua, 182 
Xeocyatia, 77 
Xeolampaa, 321 
Xeomorphaater, 255 
Xeoplax, 276 
Xecpnevatea, 323 
XapatUhia, 254 
Neuinayr, M., 44, 48, 49, 
326 

Neviani, A., 310 
Xidorellia, 254 
Xipterocrinua, 188 
nodals, 107 
Xudeocrintia, 88, 92 
Xudaditea, 320 
Xudecpygua, 320 
Xymphaater, 258 

oculars, 286, 294 
Odiniaf 259 
Odontaaier, 253 
odontophore (Ast.), 247 
Offaater, 821 
Ogvfuut^, 258 
Ohiocrinua, 146 
Oken, L., 226 
Oligopodia^ 820 
(Higqporui^ 804 
Oligopygua, 820 
OlivaniUa, 88 
OUacriwu^ 201 
OncocHnm^ 187 
OnairophawU^ 229 
OnychaaUr^ 276 
Onychocrimwit 190 


Oolaater, 321 
Opechinua, 812 
(^phiacantha, 278 
Ophiactia, 278 
Ophiarachna, 277 
Ophiarihrum, 278 
Ophidiaster^ 255 
(^hiemtia, 278 
Ophioblenna, 278 
Ophidpyraa, 27^ 
Ophiocamax, 27B 
Ophiocentrus, 278 
Ophiouramia, 278 
Ophiochiton, 278 
Opkiochondrua, 276 
Opkiochytra, 278 
(^hiocntmia, 278 
OphiocnidaL, 278 
Ophiocoda, 277 
OphioccntUL, 278 
Ophiocmia, 277 
Ophiocreaa, 276 
Ophiocrene, 276 
Ophiocrinua (Ang.), 179 

— (Charlesw.), 146 

— (Salter), 201 

— (Semper), 195 
OphiiKten, 278 
Ophiocymbium, 278 
Ophiodenna, 277 
Ophiogeroti, 276 
Ophioglypha, 278 
Ophiogonoj 277 
Ophiogymna, 278 
Ophiohd'tiay 276 
Ophiolebea, 278 
OphidUpia (Lyman), 278 

— (M. A T.), 278 
Ophioanartua, 278 
OphiomaaiiXi 278 
Ophwmaaa, 278 
Ophumitra, 278 
C^hiatntiaiuift, 278 
Ophimnyeta, 276 
Ophioanyxo, 276 
(^Aumemo, 278 
OphioMphihya, 278 
C^Aionerew, 278 
OphiopaapaU, 27 B 
Ophiopege^ 275 
OphiopeUia^ 278 
ti^iojMso, 277 
C^hi^pholia, 278 
Ophiophragmuat 27B 
(JphiipIvyUum, 278 
Opkiiplix^ 277 
€^4(^in4AiM, 278 
Ophioploeua^ 278 
€^Afqf»iaiiinii«m, 278 
OpMopaOa, 278 
(^iopUHa^ 278 
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Ophiopteron^ 278 
OphiopuSf 278 
Ophiopyrt'A^ 277 
Ophiopyrgu3^ 277 
Ophiosciamay 276 
Ophwitigma^ 278 
OphioUrtiiSy 276 
OpkiothamnuSy 278 
Ophiothday 278 
Ophiothotuty 276 
Ophiolhnxy 278 
Ophiotrertuiy 278 
OphiotrochxiSy 278 
Ophioxonoy 278 
O/TA/t/ro, 278 

— ciliariSy 262 

OphiureUoy 278 
Ophiurinoy 275 j 

Ophiuroidea, 259 

— diagnosed, 273 
oral angle (Ant.), 246 
-plates (Oph.), 263 

— nerve-ring, 102 

— nervous system, 30 

— papillae, 264 

— ridge (Blast.), 82 

— skeleton (Ast), 241 
orals, 124. See also del¬ 
toids 

OfhUTtmiU4y 90, 92 
Ofcvlay 230 
OreasUr, 254 

orientation of crinoid, 110 
OriolampaXy 321 
OmitMiiery 323 
oro-central, 14 
Orocystisy 54 
Oropkocrinusy 84, 92 
OrthechinuSy 310 
OrthiKidariSy 302 
OrthoerinuSy 198 
OrtholopfiuSy 312 
Orthopsisy 308 
oscular orifice, 256 
otocysts, 32 
Ottawacrinta, 178 
outer aide-plates (Blast), 84 
OMppeusy 316 
ovoid gland, 23. See also 
aiial organ 
Oimlatier, 321 

PachpanUdany 203 
Paehpdppeuit 816 
PaehperintUy 208 
Pa^hplocrinua, 180 
Paehpoerinuiy 208 
PaeUpatidety 227 
Paiaeoitery 250 
PalMoHerinOy 250 
Palaeastoroidea^ 249 


Palaecchinasteridae, 250 
Palaeechinoidea, 299 
PalaeichinttSy 804 
Pcdaiobrisauay 822 
PaUuoconuiy 254 
Palaeocrinoidea, 139 
PaIaeocrinu8y 172 
PalaeoqiaiiSy 64 
PalaeodiscuBy 301 
Palaeolampa»y 321 
PcdatoMcirw.y 260 
PalaeophUiray 274 
Palatopneu8U$y 322 
PaXoMaidlOy 260 
Pcdaeostooiuiy 323 
Paiweotropusy 323 
PcdiiaterisaiSy 257 
Palasiropecieny 275 
Pallas, P. S., 218 
PalnuicystiSy 73 
palinaria, 204 
Palmi}tcsy 254 
palps (Ast.), 245 
Pannychiay 229 
papulae, 26, 245, 248 
parabasal la, 99 
Paractinopoila, 234 
ParadoxechiniiSy 312 
I*aragonastery 253 
ParalampaSy 321 
pararadials, 150 
PararchasteTy 251 
ParasalrmOy 313 
Pardpidiay 229 
parietal canal, 9 
ParxsocriniiSy 173 
1 Pasceohuty 77 
Patdliocrintis, 162 
patina, 112 
PatiriOy 254 
Paulioy 254 
paxillae, 247 
PectinasteTy 251 
pectinirhombs, 43, 58 
Pectinuray 278 
Pedatae, 226 

pedicellariae, 31 ; (Ast), 
247 ; (Ech.), 287 
PedicelloMtery 258 
Pedinoy 809 
PedinopatBy 313 
Pedinothwriay 810 
PdagoUiurtOy 230 
PdanechinuSy 310 
pellioQS, 289 
Pelmatozoa, 83 
— diagnosed, 88 
Pelmatoioio ancestor, 9 
Pdiaatesy 806 
PenduherinuSy 148 
Pemagoney 229 


PentaceropaiSy 254 
PentaceroBy 254 
Pentacrinuay 182 
PerUntctasay 12 
Pentactulay 18 
Pentaduiy 181 
Pentagonaatery 253 
Pentnguniffi^, 203 
p^. tarneres, 99 
Pehtiphyllumy 90, 93 
PcntremiteSy 86, 92 
Ptniremitideay 85, 92 
perforate articulation, 109, 
116 

Perilwlaatery 256 
Ptncoamu8y 323 
Periechocrinusy 168 
Periglyptocrinuay 161 
(lerignathic girdle, 289, 
297 

l>eri-inte8tinal cavity, 103 
perioesophageal sinus, 22 
periproct 286 

Perischodoinu8y 302 

— magnuBy 203 
perisoma, 241 
l>cristome (Grin.), 97; 

(Ecb.), 285 

peristomial plates (Oph.), 
264 

PtrknasteTy 258 
Peroniay 308 
l^erradii, 19 

Perrier, E., 241, 259, 285 
PeraephonasteTy 251 
Petalocnnuny 175 
Petijwcrinxts, 203 
PetrasteTy 250 
PhaenoachismOy 84, 92 
PhaneraateTy 253 
Phanerozouia, 249 
Phanogenwy 196 
PhariOy 255 
pharyngeal vesicles, 27 
Pkialocrinua (Eichw.), 203 

— (Trautsch.), 181 
PhUlipaocrinnay 170 
PhiktcrinuBy 180 
PhimocrinuSy 152 
PkoenicocrinuBy 166 
Pholidaalery 255 
PhdidoeidaHay 805 
Phormoaemtay 811 
PhoxoaU/Ty 252 
Phyllobriaauay 821 
Phyllodypauay 821 
PhyUoerinuay 197 
phyllode, 819 
PhyUophoruay 280 
Phymethinuay 809 

1 Phyadoeriiamy 170 
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aaper-radia], 112 
supplementary plates, 109, 
204 

supra-marginals, 246 
suranal, 294 
sutures, 108 
Sy€Ocrinu8^ 203 
SycocifstU^ 60 
SymJbc^hocrinua^ 152 
Sjpnpkyiocrinusy 197 
^nallaetes, 227 
Synapta, 234 
Syntrocrintu^ 190 
syngnatbs, 263 
Synyphocrinus, 180 
Syringocrinutt 48, 203 
syiygy, 108,117 

Ubles (Hoi.), 223 
T(teniastert ^1 
Taeniura, 274 
Talarocrinus, 159 
Tanaocrinus^ 165 
Tarsaster^ 255 
Taxocrinus, 189 
Teehnocrinuit 163 
tegmen, 99, 129 
TdtUxrinus^ 170 
TtmnedUnut^ 312 
Tmnocidaris^ 302 
TemnopUwruM^ 312 
tentacles (Hoi.), 224 
terminal tentacle, 31 
terminals (Eeh.), 294 
tertibracbs, 114 
Tesselato (Zittel), 139 
TessellaU (MlUler), 139 
test (Ecb.), 285 
Testacea, 138 
TWanocnntt#, 197 
Teihya$Ur, 251 
Tttraeidaria, 303 
Tetracrxniia (Austin), 203 
— (Munst), 153 
Tetraetis^ 240 
Tetramerocrinm (Austin), 
204 

TetratUtt 250 
ThtJamaninuB^ 204 
ThiaUocrinut^ 156 
Thavmaioennutt 196 
theca, 99 
Thecocy$ti$t 207 
Thecoidea, 205 
Th4el, H., 15, 218, 226 
Thidia^m 
Tkega$Urt 317 
Tkinmrocrin'iu, 179 


ThiolliericrintUt 195 
Tholaster^ 321 
Thorctcaster, 251 
Thylacocrinuiy 200 
ThylechinuSy 810 
Thyonfy 230 
Thyroida, 205 
Thysanocrinus^ 198 
TutracrinuSy 57 
TiartchifiMSy 305 
Tiedemann, F., 218, 240, 
284 

Tiedemann's bodies, 27, 
243 

Tonitty 255 
Tormocrinus, 197 
TomariOy 5 
torus angularis, 264 
TorynocrinuSy 197 
Toxoatevy 322 
Toxopneustesy 313 
TraumatoerinuSy 182 
Trautschold, H., 130 
TremasteTy 254 
Tremataatery 275 
Trematoerinuiy 201 
TrematocystiSy 72 
Trematopygusy 320 
Triaainu8y 149 
TrianmUSy 204 
tribrachialia, 204 
Tribrachiocnnuay 181 
Triehaatery 276 
Triehader(^n$y 250 
Trieh4)cnnuay 149 
TnehotaHtTy 259 
Tricodocrinusy 87, 92 
trifascial articulation, 117 
TrigonocidarUy 312 
TngonocrinxUy 197 
TrigcmocyatiSy 50 
TrinemacyatiSy 53 
Triplaeidiay 310 
TriplaricrintUy 204 
Tripneuatesy 313 
TriaactiSy 240 

trivium, 11 ; (Hoi.), 220 ; 

(Ech.), 296 
TrochitOy 204 
TrochoerintUy 168 
Troehocyatia, 50 
TrochodenMiy 234 
TrochodatOy 234 
Trochoatomoy 233 
TroostoblasUda, 92 
Trooatoerinuay 86, 92 
Tropidoatety 255 
Troecbel, F. H., 240, 260 


TryUiocnnv'y 163 
Tuberaatery 323 
tubercles (Ech.), 286 
Turbinocrinusy 161 
TylaaitTy 254 • 

Tylocuiariay 302 
TypocidarUy 302 

Uintacrinuay 183 

Ulocrinusy 181 

umbo (Ech.), 262 
umbonal socket, 263 
under laucet-plate, 85 
Cniophoray 258 
unisenal arms, 115 
Uperocrinuay 168 
UraaterellOy 251 
Urechinuay 321 

Valentin, G., 284 
Valvaatevy 258 
Vaaocrinuay 179 
vault, 128 
ventral sac, 27 

— shield, 262 

vertebral ossicle (Oph.), 262 
vestibule, 11 
Viguier, C., 240, 247 
Vletavicrinus, 204 
Volborth, A., 53 
Vologeaiay 321 

Wachsmuth, C., 139 
Wachsmuth A Springer, 
114, 139, 171 

Wachsmuth k Springer’s 
Law, 106 
Walther, J., 49 
water • vascular system 
(Ast.), 243; (Oph.), 272 ; 
(Ech.), 290 
Woodocrinttay 180 

XenaatcTy 250 
Xenocrinua (Jahn), 204 

- (S. A. Miller), 165 

Zeacrinuay 180 
Zenkericrinuay 161, 204 
ZeugUpleuruay U2 
zigzag arms, llo 
Zittel, K. A. V., 40, 139,171 
Zophocrinuay 151 
Zoroaatary 255 
Zygoerinua, 91, 93 
Zygophiurae, 277 
Zygospondyline, 271 
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